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Souhrn

Cil: Cilem studie bylo zjisténi miry vzajemné zastupitelnosti 3 riznych digitalnich rentgenogramu pro uréovani
polohy retinovanych hornich $pi¢akd pomoci thlovych méreni.

Material a metodika: Byli vybrani pacienti s retenci horniho Spi¢aku, kde byl pfed lécbou indikovan OPG
a CBCT snimek, které byly zhotoveny s ¢asovym odstupem maximalné dvou tydnd. CBCT snimek byl zhotoven
u 43 pacientt s 51 palatinalné retinovanymi Spicaky. Byl méren thel dlouhé osy retinovaného Spicaku k okluzni
a vertikalni roviné na OPG, CBCT a OPG generovaném z CBCT. Ke zjisténi spolehlivosti méfeni na digitalnich
rentgenovych snimcich a ke zjisténi miry vzajemné zastupitelnosti digitalnich rentgenogram( zhotovenych tfemi
rdznymi zplsoby, byla hodnocena opakovatelnost a reprodukovatelnost méreni. Opakovatelnost méreni byla
kvantifikovana technickou chybou méreni metodou dle Dalhberga a z ni odvozenou relativni chybou méreni. Re-
produkovatelnost mereni byla kvantifikovana koeficientem opakovatelnosti podle Blanda a Altmana spolu s gra-
fickou vizualizaci vystupu Bland-Altmanovymi rozdilovymi grafy.

Vysledky: Provedena studie prokazala dobrou a klinicky uspokojivou miru opakovatelnosti uréeni polohy $pi-
¢akd pomoci thlovych charakteristik pro OPG, CBCT a OPG generované z CBCT. Testy reprodukovatelnosti mé-
feni prokazaly Spatnou a klinicky nedostatecnou reprodukovatelnost méfeni mezi rentgenogramy zhotovenymi
rdznou technikou z hlediska uréeni polohy retinovanych Spi¢aku vici referenénim rovinam pomoci uhlovych roz-
mérd. Nejvétsi rozdil méreni sklonu Spi¢aku od vertikalni referencni linie/roviny byl zaznamenan mezi viastnim
CBCT zobrazenim a OPG zobrazenim generovanym z CBCT (soustavna chyba 16,3°). Mezi OPG zhotoveném
na 2D rtg pristroji a CBCT byla zjiSténa soustavna chyba 11,0°. 2D OPG rentgenogramy a OPG generované
z CBCT mély soustavnou chybu pouze 5,3°. U méfeni sklonu Spi¢aku od okluzni roviny byl nejvétsi rozdil zazna-
menan mezi viastnim CBCT zobrazenim a OPG zobrazenim generovanym z CBCT (soustavna chyba 16,8°). Mezi
OPG zhotoveném na 2D rentgenogramu a CBCT je soustavna chyba 14,7°. Rentgenogramy zhotovené na 2D
OPG a generované z CBCT mély soustavnou chybu pouze 2,1°. Vysledky méreni prokazaly velkou a klinicky pod-
statnou soustavnou odchylku (bias) namérenych hodnot u uhlovych méreni mezi trojdimenzionalnim snimkem
Celisti zhotovenym na CBCT a mezi dvoudimenzionalnim OPG zhotovenym na digitalnim orthopantomografu
nebo pocitacove generovanym z CBCT snimku.
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Zavér: Dvoudimenzionalni a trojdimenzionalni zobrazovaci techniky davaji rozdilné vysledky u méreni pozice
retinovaného spi¢aku pomoci ihlovych parametrd, proto nejsou zaménitelné. Zavéry odborné literatury, kde byly
informace o poloze Spicaku ziskany pomoci dvoudimenzionalnich rentgenologickych metod, nemohou byt au-
tomaticky aplikovany u CBCT (Ortodoncie 2021, 30, &. 1, s. 19-33).

Abstract

Aim: The aim of the study is to compare and assess 3 different types of digital radiographs used to determine
the position of upper impacted canines by means of angular measurements.

Material and method: We selected patients with palatally impacted canines in which OPG and CBCT scans
were made within the interval of maximum two weeks. CBCT scans were made in 43 patients with 51 palatally
impacted canines. The angle between the long axis of impacted canine and the occlusal and vertical plane
was measured in OPG, CBCT and OPG generated from CBCT. To assess reliability of measurements in digital
radiographs and to determine the mutual substitutability of the digital radiographs obtained by three different
techniques we evaluated repeatability and reproducibility of measurements. Repeatability was quantified by
technical error of measurement according to Dahlberg and derived relative measurement error. Reproducibility
was quantified by repeatability coefficient according to Bland and Altman with graphic representation of the out-
come by Bland-Altman plots.

Results: The experiment showed a good and clinically sufficient repeatability of canines location determina-
tion using angular parameters in OPG, CBCT and OPG generated from CBCT. Measurement reproducibility tests
proved poor and clinically insufficient reproducibility of measurements between radiographs made with different
techniques for determination ofimpacted canines position to the reference planes using angular parameters. The
greatest difference in measurements of canine inclination to the vertical reference line/plane was found between
CBCT scans and OPGs generated from CBCT (systematic error of 16.3°). The systematic error between 2D OPG
and CBCT was 11.0°. The systematic error between 2D OPGs and OPGs generated from CBCT was only 5.3°. In
measurements of canine inclination to the occlusal plane the greatest difference was found between CBCT and
OPG generated from CBCT (systematic error of 16.8°). The systematic error between 2D OPG and CBCT was
14.7°. The systematic error between 2D OPG and OPG generated from CBCT was only 2.1°. The results showed
a great and clinically significant systematic deviation (bias) between 3D scans of jaws made on CBCT and 2D
OPG or OPG generated from CBCT scan.

Conclusion: 2D and 3D imaging methods give different results for impacted canine position measured with
angular parameters, and therefore, they are not substitutable. Conclusions found in the literature where the in-

formation on canine position was obtained with 2D radiographs cannot be applied in CBCT automatically (Orto-
doncie 2021, 30, No. 1, p. 19-33).

Klicova slova: retinované Spicaky, ortopantomogram, OPG, CBCT, generované OPG
Key words: impacted canines, orthopantomogram, panoramic x-ray, CBCT, generated OPG

Uvod

V¢asna a presna diagnostika pozice zarodkd hor-
nich Spicaku je dllezita pro prevenci retence, a pokud
tato situace hrozi, i k ur€eni moznosti IéCby. P¥i su-
spektni retenci Spi¢akl umozriuje odhad progndzy
a delky terapie, volbu optimalniho léCebného postupu
a redukci komplikaci [13, 18].

Presna lokalizace retinovaného Spic¢aku je potiebna
pro spravnou diagnozu, ur€eni presného chirurgického
pristupu a planovani sméru aktivniho tahu[18]. Nejcas-
téji pouzivanym rentgenovym zobrazenim prvni volby
je OPG. S nizkou radiacni zatézi zobrazuje prehledné si-
tuaci v obou Celistech: znazorfuje pozici Spi¢aku vzhle-
dem k okolnim zublm; umoznuje odhalit numerické
anomalie zubU; vykresluje celistni dutinu a jeji vztah k re-
tinovanému Spic¢aku, Celistni klouby a dalSi struktury.
Retence Spicaku je ¢asto odhalena prave touto zobra-

Introduction

The early and correct diagnosis of the position of
upper canines germs is important to prevent impaction
and adopt a suitable treatment plan. The estimation of
prognosis and length of therapy leads to adoption of
the optimum treatment and eliminates complications
[13, 18].

Precise location of impacted canine is necessary for
the correct diagnosis, adoption of surgical method and
planning of the direction of the active traction [18]. OPG
is the most frequently used method of imaging. It gives
agood overview of the situation in both jaws, and radia-
tion load is low: it gives a canine position in relation to ot-
her teeth, it makes possible to reveal anomalies in the
number of teeth, it represents found and its relationship
to the impacted canine, jaw joints and other structures.
Canine impaction is very often maxillary sinus by this
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zovaci technikou [1]. | kdyz v rlznych zemich existuiji
rlzné postupy a vybérova kritéria, ortodontisté ¢asto
vyzaduji OPG a kefalometricky snimek pro stanoveni |é-
¢ebného planu [2]. Diagnosticka presnost a validita lo-
kalizace retinovaného Spi¢aku a prilehlych struktur na
OPG muze byt snizena kvlli nepresnostem jako jsou
distorzni chyby projekce, neostry obraz a prekryvani
komplexu maxilofacialnich struktur, které jsou zobra-
zeny dvoudimenzionalng, a tedy zvysSuji riziko Spatného
vyhodnoceni [3]. OPG snimek ma projek&ni chybu
proto, ze hlavni rtg paprsek béhem zhotoveni OPG pfi-
chaziz mirmné negativniho Uhlu [4]. Z dlvodu nemozZnosti
zobrazeni vestibulopalatinalniho rozméru je k diagno-
stice polohy Spi¢aku potrebny dalsi snimek, nejCastéji
je vyuzivan lateralni kefalometricky snimek, okluzogram
nebo periapikalni snimky. Pro pouhé zjisténi vestibu-
larni, nebo palatindlni pozice neni CBCT dle smérnic
evropskeé unie indikovano [5]. Zhotoveni CBCT je vyza-
dovano u specifickych ptipadl, kdy konvenéni radiolo-
gie neposkytuje dostate€nou informaci pro presnou
diagnostiku, kterymi jsou resorpce kofenll sousednich
zub(, retence dalSich zubd, cysty, nepfehledna anato-
micka situace, prespocetné zuby nebo problémy s dy-
mace, protoze projekce paprsku je ortogonalni, coz
znamena, ze rtg paprsky jsou navzajem témér paralelni
a zobrazovany objekt je blizko senzoru [6], coz vysvét-
luje, proc€ je chyba projekce mala a vysledny 3D obraz
je bez skresleni. CBCT je povazovano za nejpresnég;jsi
metodu lokalizace retinovaného zubu [5], avSak je spo-
jeno s vétsi celkovou efektivni davkou zareni nez kon-
vencni radiologie. Radiacni efektivni davka CBCT je
v rozsahu 11 do 252 uSv pro malé, 28 az 652 uSv pro
stfedni a 52 az 1073 uSv pro velké FOV [7]. Radiaéni
davka CBCT je minimalné 2-4krat vyssi nez u OPG,
ukterého je 4,7 - 14,9 uSv [8]. Dle Serranta byla spravné
lokalizovana poloha retinovaného Spi¢aku - vestibularni
nebo palatinalnina CBCT ve 94 % ptipadt [9]. U horizon-
taIni paralaxy (dva i.o. rtg snimky) v 84 % a u vertikalni
paralaxy (OPG a okluzni snimek) pouze v 65 % pfipadu.

Pouzity typ radiologické techniky m(ze ovlivnit plan
[é€by. Dle Haneyho et al. [6] doSlo ke zméné |éCebného
planu u 27 % pacientd po doplnéni CBCT vysetieni, dle
Wriedt et al. [10] u 18 %. Pozadavek dalsich snimkd pro
urCeni presné diagnozy byl vznesen vice u tradiCnich
rentgenologickych snimkl (27 %) nez u CBCT (12 %).
Dle Wriedt et al. [10] u 64 % pacientl byla pozice retino-
vaného $pi¢aku hodnocena shodné na 2D i 3D. Naopak
Pittayapat et al. [2] potvrdili velice malou shodu mezi
OPG a CBCT v lokalizaci retinovaného Spic¢aku.

Cil prace
Cilem studie bylo zjisténi miry vzajemné zastupitel-
nosti tfi riznych digitalnich rentgenogramt pro urco-

technique [1]. Though there exist different procedures in
different countries, orthodontists often require OPG and
cephalogram to establish the treatment plan [2]. Precise
diagnosis and valid location of impacted canine and its
adjacent structures in OPG may be disturbed due to im-
perfections such as distorsion errors of projection, im-
perfectly sharp picture and superimposition of maxillo-
facial structures which are taken by 2D techniques
and, thus, the risk of poor assessment is higher [3].
The projection error of OPG is due to the fact that the
main beam comes from a slightly negative angle during
OPG [4]. Vestibulopalatal dimension cannot be depicted
and, therefore, to determine a canine position another
scan is needed (most often lateral cephalogram, occlu-
sogram, or periapical scans). According to EU directives
to determine vestibular or palatal position CBCT is not
indicated [5]. CBCT is required in specific cases where
traditional radiology cannot provide sufficient informa-
tion for precise diagnostics, i.e. resorption of roots of
adjacent teeth, impaction of other teeth, cysts, unclear
anatomical situation, supernumerary teeth or problems
with airways [5]. CBCT gives more detailed information,
because the beam projection is orthogonal, i.e. beams
run almost parallel and the object is close to a sensor
[6], and therefore, the projection error is small and the re-
sulting 3D image is without bias. CBCT is the most accu-
rate method of impacted tooth location [5], however, the
effective radiation load is higher. Effective radiation
dose of CBCT is within 11 and 252 uSv for small, 28
and 652 pSv for medium, and 52 and 1073 uSv for big
FOV [7]. CBCT radiation dose is at least 2-4 times bigger
than in OPG, where it is between 4.7 and 14.9 uSv [8].
According to Serrant, the correct position of impacted
canine determined with CBCT- vestibular or palatal -
was found in 94% of cases [9]; in horizontal parallax
(two radiographs) in 84%, and in vertical parallax (OPG
and occlusogram) only in 65% of cases.

The radiographic technique used may affect the
treatment plan. According to Haney et al. [6] the treat-
ment plan was revised in 27 % of patients after additio-
nal CBCT, according to Wriedt et al. [10] in 18% of pa-
tients. The need for additional scans in order to make
the diagnosis was more frequent in case of traditional
radiographs (27%) than CBCT (12%). According to
Wriedt et al. [10] the position of impacted canine was
assessed identically in 2D and 3D scans in 64% of pa-
tients. On the contrary, Pittayapat et al. [2] report a very
weak agreement between OPG and CBCT for the im-
pacted canine location.

The aim of the study

The aim of the presented study was to determine
the mutual substitutability of the three different digital
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vani polohy retinovanych hornich $pi¢akl pomoci an-
gularnich rozmérd.

Material

Soubor tvofili pacienti ortodontického oddéleni Kli-
niky zubniho lékafstvi LF UP a FN Olomouc a Stomato-
logickeé kliniky UK a FN Hradec Kralové. Ze vSech pa-
cientl ortodontického oddéleni byli vybrani pacientis re-
tenci horniho S$pic¢aku. Dentalni nebo skeletalni
klasifikace neméla vliv na zafazeni do souboru. Syndro-
movi pacienti, nebo pacienti s aplazii byli ze souboru vy-
louceni. Ze 420 konsekutivnich pacientd s retenci Spi-
¢aku mélo palatinalni retenci Spi¢aku 62 pacientd. 8 pa-
cientt mélo oboustranné retinované $picaky,
jednostranna pravostranna retence byla u 19 pacientd,
levostranna u 16. Celkoveé bylo tedy posuzovano 51 pa-
latinélné retinovanych $pi¢akd. Odlehlé hodnoty - u thlu
k vertikalni linii 3, u Uhlu k okluzni roviné 2, byly z hodno-
cenivylouceny. Kritéria pro zafazeni do souboru, tj. dob-
fe Citelné OPG i CBCT snimky bez artefaktl s dostate¢-
nym FOV zhotovené s ¢asovym odstupem maximalné
dvou tydnd, splriovalo 43 pacientd. Celkoveé bylo v sou-
boru 17 muzl (39,5 %) a 26 zen (60,5 %). Primérny vék
pacientl byl 18 let 8 mésicd (SD + 8,6 let, minimum 9 let
11 mésicl, maximum 42 let 3 mésice).

OPG i CBCT snimky byly zhotoveny na Planmeca
Pro Max, (Planmeca). OPG snimky byly zhotoveny pfi
davce zareni 68 kVp, proud rentgenky byl 10 mA.
CBCT snimky byly zhotoveny pfi davce zareni 84
kVp, proud rentgenkou byl 12 mA, tloustka fezu 0,2
mm, ukladani ve formatu DICOM 3.

Metodika

Na tfech rliznych formatech RTG zobrazeni (OPG,
OPG generované z CBCT a CBCT) byla hodnocena
poloha retinovanych $pic¢akl pomoci Uhlovych para-
metrQ.

Méreni na OPG byla realizovana v programu DfW
Digora pro Windows (Soredex™).

Snimky CBCT byly hodnoceny v programu EZ3D
plus premium (Vatech™). Pred dal§i manipulaci
s CBCT snimky byly jednotlivé snimky orientovany
dle refenCnich rovin. Horizontalni rovina probihala
okluzni rovinou prochazejici hornim fezakovym bodem
a mezialnimi hrbolky hornich prvnich molard (Obr. 3).
Vertikalni rovina probihala stfedem uhlu dlouhych os
hornich stalych fezakd, probihala podél raphe palati
pres spina nasalis anterior a posterior (Obr. 2). Sagi-
talni rovina probihala fezakovym bodem. Horizontalni,
vertikalni a sagitalni rovina byly navzajem kolmé. Vy-
centrovany snimek byl ulozen a pouzit pro generovani
OPG a jednotliva méreni.

Generovany OPG snimek byl vytvofren v programu
EZ3D Plus premium z CBCT snimku po reorientaci ro-

radiographs for the identification of impacted upper
canines location with angular parameters.

Material

The sample included patients of the Department of
Orthodontics, Institute of Dentistry of Faculty of Medi-
cine and Dentistry, Palacky University and University
Hospital Olomuc and Clinic of Stomatology, Charles
University and University Hospital Hradec Kralové. Pa-
tients with impacted upper canine were selected. Den-
tal or skeletal classification did not affect their inclusion
in the sample. Patients with syndromes or patients
with aplasia were excluded. Fromthe 420 patients with
impacted canine, 62 suffered from palatally impacted
canine. 8 patients had bilaterally impacted canines;
19 patients on the right side, and 16 on the left. Overall
51 palatally impacted canines were evaluated. Outliers
- in case of the angle to the vertical line 3, in case of the
angle to the occlusal plane 2 - were excluded from the
evaluation. 43 patients met the criteria, i.e. legible OPG
and CBCT scans without artifacts and with sufficient
FOV made within the interval of maximum two weeks.
The sampleincluded 17 males (39.6%) and 26 females
60.5%). The mean age was 18 years and 8 months
(SD £ 8.6 years, minimum 9 years and 11 months,
the maximum 42 years and 3 months).

Both OPG and CBCT scans were taken with Plan-
meca Pro Max (Planmeca). OPG scans were taken with
the radiation load of 68 kVp, X-ray tube flow 10 mA.
CBCT scans were taken with the radiation load of 84
kVp, X-ray tube flow 12 mA, scan thickness 0.2 mm,
saved in the format DICOM 3.

Method

Position ofimpacted canines was evaluated in three
different radiographs (OPG, OPG generated from
CBCT, and CBCT) using angular parameters. Measu-
rements in OPGs were done with DfW Digora for Win-
dows (Soredex™).

CBCT scans were evaluated with EZ3D Plus Pre-
mium (Vatech™). Individual scans were oriented ac-
cording to the reference planes. The horizontal plane
ran through the occlusal plane running through the
upper incisal point and mesial cusps of maxillary first
molas (Fig. 3). The vertical plane ran through the centre
of the angle of long axes of maxillary permanent inci-
sors, along raphe palati through spina nasalis anterior
and posterior (Fig. 2). The sagittal plane ran through the
incisal point. The horizontal, vertical and sagittal pla-
nes were perpendicular to each other. The centred
scan was saved and used to generate OPG as well
as for individual measurements.

Generated OPG was made in EZ3D Plus Premium
from CBCT scan after the planes reorientation using
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vin pomoci funkce Panoramic curve. Pribéh fezu byl
individualizovan dle tvaru zubniho oblouku pacienta
a probihal stredem jednotlivych zub(l v pribéhu zub-
niho oblouku na trovni jejich cementoskloviné hranice.
Pro dostatecné zobrazeni palatindlné retinovaného
8picaku jsme zvolili tloustku zobrazeni 20 mm. Gene-
rované OPG snimky byly hodnoceny v programu
EZ3D plus premium.

Méreni bylo provedeno jednim zkuSenym lékafem
(I.D.) zbéhlym v diagnostice a analyze polohy retinova-
nych $pi¢aku. 10 opakovanych méreni bylo provedeno
stejnym lékafem s dvoumeésiCnim odstupem po
prvnim méreni. CBCT snimky byly hodnoceny jako
prvni, za 4 mésice poté byla provedena méreni na
OPG a za 4 mésice od hodnoceni OPG byla provedena
méreni na generovaném OPG, aby se predeslo syste-
matické chybé.

U kazdého pacienta byly hodnoceny tyto parametry:
1) Sklon (inklinace) dlouhé osy Spicaku k vertikalni

the function Panoramic curve. The curve was individual
according to the shape of patient’s dental arch and ran
through the middle of individual teeth within the dental
arch at the level of their cemento-enamel junction. To
get a sufficient image of palatally impacted canine we
used the thickness/slice of 20 mm. Generated OPGs
were evaluated with EZ3D Plus Premium software.

Measurements were done by one experienced
orthodontist (I.D.) well versed in diagnostics and analy-
sis ofimpacted canine location. 10 repeated measure-
ments were done by the same person two months after
the first one. CBCT scans were evaluated as the first, 4
months later measurements were done in OPGs, and
after another 4 months in generated OPGs to avoid sy-
stematic error.

In each patient the following parameters were eva-
luated:

1) Inclination of canine long axis to vertical reference
line (in degrees)

referenéni linii (ve stupnich)
Postup méreni na OPG (StVL_2D) a generovaném

The proces of measurement in OPG (StVL 2D) and
in generated OPG (StVL _Gen)

OPG snimku (StVL_Gen)

Sklon (inklinace) dlouhé osy Spic¢aku k vertikalni re-
ferencni linii byl méfen dle Stewarta et al. [13] (Obr. 1).
V pocitacovém programu DfW Digora pro Windows
(Soredex) pro OPG a v programu EZ3D plus premium
(Vatech) pro generované OPG byla narysovana verti-
kalni referencni linie (stfedni ¢ara horniho oblouku),
ktera rozpUlila dlouhé osy hornich stalych fezak(. Dale
byla narysovana dlouha osa retinovaného $picaku tak,
aby protinala vertikalni referencnilinii. Sklon (inklinace)
dlouhé osy Spicaku k vertikalni referen¢ni linii byl mé-
fen uhlovym 2D méfidlem softwaru s presnosti 0,1°.

Méreni na CBCT (StVL_CT)

Konstruovana vertikalni referen¢ni rovina procha-
zela stfedem raphe palati a uprostfed mezi nosnimi
konchami, pulila uhel mezi dlouhymi osami hornich

Obr. 1. Sklon (inklinace) dlouhé osy $pi¢aku k vertikalni referencnili-
nii na OPG
Fig. 1. Canine long axis inclination to vertical reference line in OPG

The inclination of canine long axis to the vertical re-
ference line was measured according to Stewart et al.
[13] (Fig. 1). In the software DfW Digora for Windows
(Soredex) for OPG, and EZ3D Plus Premium (Vatech)
for generated OPG the vertical reference line was
drawn (midline of the upper arch) that bisected long
axes of upper permanent incisors. Next a long axis of
impacted canine was drawn to intersect the vertical re-
ference line. The inclination of canine long axis to the
vertical reference line was measured with the software
2D protractor with the accuracy of 0.1°.

Measurement in CBCT (StVL_CT)

The construed vertical reference plane ran through
the middle of raphe palati and between nasal conchas,
bisected the angle between long axes of upper perma-
nent incisors, ran through incisal point and spina nasalis

Obr. 2. Sklon (inklinace) dlouhé osy Spic¢aku k vertikalni referenéni
roviné na CBCT

Fig.2. Canine long axis inclination to vertical reference plane in
CBCT
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stalych fezakl, prochazela frezakovym bodem a spina
nasalis anterior i posterior. V axialnim fezu pomoci
funkce sculpt byla odstranéna polovina CBCT neob-
sahujici retinovany $picak, a tim byla zaji$téna identifi-
kace vertikalni referencni roviny.

Uhel byl méfen pomoci 2D uhlového méfidla se
Ctyfmi body mezi sagitalni rovinou zubu a vertikalni re-
ferencni rovinou definovanou vyrezem (Obr. 2).

2) Sklon (inklinace) dlouhé osy $pi¢aku od okluzni
roviny (ve stupnich)

Postup méfeni na OPG (StOL_2D) a generovaném
OPG snimku (StOL_Gen)

V pocitacovém programu DfW Digora pro Windows
(Soredex) pro OPG a v programu EZ3D Plus premium
(Vatech) pro generované OPG byla narysovanallinie ro-
viny okluze. Dale byla narysovana dlouhd osaretinova-
ného Spicaku tak, aby protinala rovinu okluze. Sklon
(inklinace) dlouhé osy $pic¢aku k okluzni roviné byl mé-
fen Uhlovym 2D méfidlem s presnosti 0,1°.

Méfeni na CBCT (StOL_CT)

V pocitacovém programu EZ3D Plus premium
v multiplanarni rekonstrukci (MPR) byl snimek oriento-
van dle referencnich rovin. Orientace v koronarnim
fezu - sagitalni rovina prochazela stredem raphe palati,
spina nasalis anterior a posterior a pdlila dlouhé osy
hornich stalych rezakUl. Orientace axialni roviny - oklu-
zni - prochazela fezakovym bodem a meziobukalnimi
hrbolky prvnich molar(l. Pomoci funkce sculpt (ofez)
byly odstranény struktury nachazejici se pod rovinou
okluze a tim byla rovina okluze definovana.

Méfeni probihalo v koronarnim fezu. Dlouha osa
Spic¢aku byla uréena prolozenim sagitalni a koronarni
roviny stfredem korunky i kofene retinovaného $pi¢aku.
Uhel byl méfen pomoci 2D thlového méfidla se &tyfmi
body mezi sagitalni rovinou zubu a okluzni rovinou de-
finovanou vyrezem (Obr. 3).

Pouzité statistické metody
Opakovatelnost (repeatability) méfeni byla kvantifi-
kovana technickou chybou méreni (technical error of

Obr. 3. Sklon (inklinace) dlouhé osy Spi¢aku od okluzni roviny na
CBCT
Fig. 3. Canine long axis inclination to the occlusal plane in CBCT

anterior and posterior. In the axial scan using the function
sculpt the half of CBCT without impacted canine was re-
moved in order to identify the vertical reference plane.
The angle was measured with 2D protractor with
four points between the tooth sagittal plane and the
vertical reference plane defined by the sculpt (Fig. 2).

2) Inclination of canine long axis from occlusal plane
(in degrees)

The proces of measurement in OPG (StOL_2D) and
generated OPG (StOL_Gen)

In DfW Digora for Windows (Soderex) in case of
OPG andin EZ3D Plus Premium (Vatech) in case of ge-
nerated OPG the line of occlusal plane was drawn.
Next the impact canine long axis was drawn to inter-
sect the occlusal plane. The inclination of canine long
axis from the occlusal plane was measured with 2D
protractor with the accuracy of 0.1°.

Measurement in CBCT (StOL_CT)

In EZ3S Plus premiun in multiplanar reconstruction
(MPR) the scan was oriented according to the refe-
rence planes. Coronary scan orientation - the sagittal
plane ran through the middle of raphe palati, spina na-
salis anterior and posterior, and bisected long axes of
the upper permanent incisors. Axial plane orientation -
occlusal - ran through the incisal point and mesiobuc-
cal cusps of first molars. Using the function of sculpt
the structures under the occlusal plane were removed
and thus the occlusal plane was defined.

Measurement was done in the coronary section.
Canine long axis was defined with interlaying of sagit-
tal and coronary plane through the middle of impacted
canine crown and root. The angle was measured with
2D protractor with four points between the sagittal
plane of the tooth and the occlusal plane defined by
the sculpt (Fig. 3)

Statistical methods used

Repeatability was quantified with technical error of
measurement (TEM) according to Dahlberg and with
the derived relative error of measurement (relative
TEM, coefficient of variation CV) [19, 20]. Repeated
measurements were taken 2 months after the first one
by the same person in 10 randomly selected patients.

Reproducibility was quantified with coefficient of re-
peatability (CR) acording to Bland and Altman with
graphic visualization of outcome by Bland-Altman
plots [21, 22].

Results

Repeatability of measurement

Technical error of two repeated measurements
exceeded 1° in measurements of canine inclination
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Tab. 1. Opakovatelnost mérfeni polohy $pi¢aku na digitalnich rentgenogramech: technicka chyba méreni (technical error of measurement,

TEM) metodou dle Dalhberga

Tab.1. Repeatability of measurements of canine position in digital radiographs: technical error of measurement (TEM) according to Dahl-

227
2.62
5.22
1.67
1.68

berg.
[ I |
2D 10 35.63 0.81
StVL GEN 10 36.32 0.95
CT 10 23.59 1.23
2D 10 52.87 0.89
StOL GEN 10 54.27 0.91
(E2E 10 66.36 1:21

1.82

2D = digitalni rentgenogramy zhotovené na digitalnim OPG, digital radiographs taken in digital OPG; CT = rengenogramy zhotovené na
cone-beam CT, radiographs taken with cone-beam CT; GEN = digitalni OPG generované z CBCT snimkd, digital OPG generated from CBCT
scans; StVL = sklon (inklinace) Spi¢aku od vertikalni referencnilinie/ roviny na OPG, canine nclination from the vertical reference line/planein
OPG; StOL = sklon (inklinace) dlouhé osy $pi¢aku k okluzni roviné na OPG, canine long acxis inclination to the occlusal plane in OPG; TEM
(SD) = technicka chyba méfeni (TEM), technical error of measurement (TEM); CV (%) = koeficient variability (relative TEM), coefficient of va-

riation (relative TEM).

measurement, TEM) metodou dle Dalhberga a z ni od-
vozenou relativni chybou méreni (relative TEM, coeffi-
cient of variation CV) [19, 20]. Opakovana méfeni byla
provedena 2 meésice po prvnim méreni stejnym léka-
fem na 10 nahodné vybranych pacientech.
Reprodukovatelnost (reproducibility) méreni byla
kvantifikovana koeficientem opakovatelnosti (coeffi-
cient of repeatability, CR) podle Blanda a Altmana
spolu s grafickou vizualizaci vystupu Bland-Altmano-
vymi rozdilovymi grafy (Bland-Altman plots) [21, 22].

Vysledky

Opakovatelnost méreni

Technicka chyba dvojiho opakovaného méreni
presahla hodnotu 1° u méfeni sklonu Spic¢aku od verti-
kalni referencni linie/ roviny na CBCT snimcich i u mé-
feni sklonu dlouhé osy Spi¢aku k okluzni roviné na
CBCT snimcich. V ostatnich pfipadech uhlovych mé-
feni byla zaznamenana technicka chyba méreni v roz-
sahu od 0,8° do 1° (Tab. ¢. 1).

Relativni chyba méreni (koeficient variability, CV)
byla nejvétsi u méreni sklonu SpiCaku od vertikalni re-
ferenéniroviny naCBCT (CV =5,22 %). Relativni chyba
méreni v rozsahu od 2% do 5% byla zjisténa u méfeni
sklonu dlouhé osy Spic¢aku k vertikalni roviné na OPG
snimcich a OPG snimcich generovanych z CBCT.
U méfeni sklonu dlouhé osy $pi¢aku k okluzni roviné
nepresahla relativni chyba méfeni 2% (Tab. 1).

Reprodukovatelnost

Reprodukovatelnost méreni na digitalnich OPG,
méreni na rengenogramech zhotovenych na CBCT
a méfeni na digitalnich OPG generovanych z CBCT
snimkd, po vylou¢eni dvou odlehlych méteni pro uhel
v okluzni roviné a tfrech odlehlych méreni pro uhel k ver-
tikalni linii, byla kvantifikovana koeficientem opakova-

to the vertical reference line/plane in CBCT pictures as
well as in measurements of canine long axis inclination
to the occlusal plane in CBCT pictures. In other cases
the technical error was within 0.8° and 1° (Table 1).

Relative error of measurement (coefficient of varia-
tion, CV) was most profound in canine inclination to
the vertical reference plane in CBCT (CV =5.22%). Re-
lative error of measurement within the interval 2% and
5% was found for canine long axis inclination to the
vertical plane in OPG pictures and in OPGs generated
from CBCT. Relative error of measurement for canine
long axis inclination to the occlusal plane did not
exceed 2% (Table 1).

Reproducibility
Reproducibility of measurement in digital OPG, mea-

surements in radiographs taken by CBCT and measure-
ment in digital OPGs generated from CBCT scans (after
exclusion of two outliers for the angle in the occlusal
plane, and three outliers for the angle to the vertical line)
was quantified with coefficient of repeatability (CR) ac-
cording to Brand and Altman (Table 2) together with
graphic representation of the outcome.

Canine inclination from the vertical reference line/
plane in OPG and CBCT

Canine inclination from the vertical reference line/
plane in OPG and CBT differed between the three ty-
pes of radiographs significantly (p <0.01). The greatest
difference was recorded between CBCT and OPG
scans generated from CBCT (systematic error 16.3°).
Systematic error between 2D OPG and CBCT was
11.0°. Systematic error between 2D OPGs and genera-
ted OPGs was only 5.3°. Bland-Altman coefficient of
reproducibility (after 2 outliers excluded) between all
three imaging methods oscillated within the interval
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Tab. 2. Reprodukovatelnost méfeni na digitalnich rentgenogramech metodou dle Blanda a Altmana
Tab. 2. Reproducibility of measurements in digital radiographs according to Bland and Altman

2D GEN 48  -533 9.2 | -2337 12,70 1803 <0.0001
StVL cT 2D 48 -1095 7.25 | -25.17 326 14.21 <0.0001
CT GEN 48 -1629 11.57 -3897 640 | 2269 <0.0001
2D GEN 49 206 | 850 -1460 1871 | 16.65 0.10
StOL 2 2D 49 1475 890 | -2.70 3220 1745 <0.0001
CT GEN 49 1680 12.13 -6.96 40.57  23.77 <0.0001

2D = digitalni rentgenogramy zhotovené na digitalnim OPG, digital radiographs taken in digital OPG; CT = rengenogramy zhotovené na
cone-beam CT, radiographs taken with cone-beam CT; GEN = digitalni OPG generované z CBCT snimkd, digital OPG generated from CBCT
scans; StVL = sklon (inklinace) $pi¢aku od vertikalni referencni linie/ roviny na OPG, canine nclination from the vertical reference line/plane in
OPG; StOL = sklon (inklinace) dlouhé osy $pi¢aku k okluzni roviné na OPG, canine long acxis inclination to the occlusal plane in OPG; SD =
smérodatna odchylka rozdili opakovanych méfeni, standard deviation of the differences of repeated measurements; ULoA, LLoA = horni
a dolni limit shody, upper and lower limit of agreement; CR = koeficient opakovatelnosti, coefficient of repeatability, p-value = statisticka
vyznamnost rozdilu - soustavna chyba (bias), analogie parového t-testu, statistical significance of the difference - systematic error (bias),

analogy of pair t-test.
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Obr. 4. Bland-Altmandv rozdilovy graf pro reprodukovatelnost mé-
feni sklonu (inklinace) Spic¢aku od vertikalni referenéni linie/roviny
na 2D OPG a CBCT. Priimér opakovanych méreni StVL_CT (sklon
Spic¢aku od vertikalni referencni roviny na CBCT) je vynasen na osu
x a rozdily dvojic méfeni StVL_CT-StVL_2D (sklon $pi¢aku od verti-
kalni referencni linie/roviny na CBCT a 2D OPG) na osu y. Horizon-
talni linky (na ose y) znac&i polohu prlimérného rozdilu mezi obéma
méfenimi. Dalsi dvé horizontalni linky jsou limity shody opakovanych
méfeni.

Fig. 4. Bland-Altman plot for reproducibility of the measurement of
canine inclination from the vertical reference line/plane in 2D OPG
and CBCT. The mean value of repeated measuremennts in StVL_CT
(canine inclination from the vertical reference plane in CBCT) is plot-
ted on x axis and differences between two measurements StVL_CT-
StVL_2D (canine inclination from the vertical reference line/plane in
CBCT and 2D OPG) on y axis. Horizontal lines (on y axis) represent
the location of the mean difference between the two measurements.
The othertwo horizontal lines represent limits of agreement between
the repeated measurements.

20
15 o +1.96 SD
- 6.4
]
(1] o L]
[ ]
] o- a
10k a ol =
c | om ®® - - Source
5& L] - - u Mean | | o HK
<'sho og¥ 1 4 0 o ol -16,3 | |2 OL
= L]
&n @
o
30k
L] L] -
- -1.96 SD
| s -39,0
] - ;
50 i 1 A 1 i 1 M 1 i 1 i 1 M 1
0 10 20 30 40 50 60 7o
StVL_CT

Obr. 5. Bland-Altmandyv rozdilovy graf pro reprodukovatelnost mé-
feni sklonu (inklinace) Spic¢aku od vertikalni referenéni linie/roviny
na CBCT a generovaném OPG. Prlimér opakovanych méfeni
StVL_CT (sklonu $pi¢aku od vertikalni referen¢ni roviny na CBCT)
je vyndsen na osu x a rozdily dvojic méfeni StVL_CT-StVL_Gen
(sklon $pi¢aku od vertikalnireferen&nilinie/roviny na CBCT agenero-
vaném OPG) na osu y. Horizontalni linky (na ose y) znaci polohu pr-
mérného rozdilu mezi obéma méfenimi. Dal$i dvé horizontalni linky
jsou limity shody opakovanych méreni.

Fig. 5. Bland-Altman plot for reproducibility of the measurement of
canine inclination from the vertical reference line/plane in CBCT
and generated OPG. The mean value of repeated measuremennts
in StVL_CT (canine inclination from the vertical reference plane in
CBCT) is plotted on x axis and differences between two measure-
ments StVL_CT-StVL_Gen (canine inclination from the vertical refe-
rence line/plane in CBCT and generated OPG) on y axis. Horizontal
lines (on y axis) represent the location of the mean difference bet-
ween the two measurements. The other two horizontal lines repre-
sent limits of agreement between the repeated measurements.
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Obr. 6. Bland-Altmandv rozdilovy graf pro reprodukovatelnost mé-
feni sklonu (inklinace) 3pic¢aku od vertikalni referenéni linie/roviny
na 2D OPG a generovaném OPG. Primér opakovanych méreni
StVL_2D a StVL_Gen (pramér sklonu $pi¢aku od vertikalni referenéni
roviny na OPG a generovaném OPG) je vynaSen na osu x a rozdily
dvojic méreni StVL_2D-StVL_Gen (sklon $pi¢aku od vertikalni refe-
renéni linie/roviny na OPG a generovaném OPG) na osu y. Horizon-
talni linky (na ose y) znaci polohu prdmérného rozdilu mezi obéma
mérenimi. Dal$i dvé horizontalnilinky jsou limity shody opakovanych
méfeni.

Fig. 6. Bland-Altman plot for reproducibility of the measurement of
canine inclination from the vertical reference line/plane in 2D OPG
and generated OPG. The mean value of repeated measuremennts
in StVL_CT and StVL_Gen (canine inclination from the vertical refe-
rence plane in OPG and generated OPG) is plotted on x axis and dif-
ferences between two measurements StVL_2D-StVL_Gen (canine
inclination from the vertical reference line/plane in OPG and genera-
ted OPG) ony axis. 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 re-
peated measurements.

telnosti (coefficient of repeatability, CR) podle Blanda
a Altmana (Tab. 2) spolu s grafickou vizualizaci vy-
stupu.

Sklon (inklinace) Spi¢aku od vertikalni referenéni li-
nie/roviny na OPG a CBCT

Sklon (inklinace) Spi¢aku od vertikalni referencni li-
nie/roviny na OPG a CBCT se ve statisticky vyznamné
mife (p < 0.01) soustavné lisil mezi vSemi tremi typy zo-
brazeni. Nejvétsi rozdil byl zaznamenan mezi vliastnim
CBCT zobrazenim a OPG zobrazenim generovanym
z CBCT (soustavna chyba 16,3°). Mezi OPG zhotove-
ném na 2D rtg pfistroji a CBCT byla zjiSténa soustavna
chyba 11,0°. 2D OPG rentgenogramy a ty generované
z CBCT mély soustavnou chybujen 5,3°. Bland-Altma-
nv koeficient reprodukovatelnosti po vylouceni 2 od-
lehlych hodnot mezi v§emi ttemi metodami zobrazeni
kolisal v rozmezi od 14,21° (mezi CBCT a 2D OPG zo-
brazenim) po 22,69° (mezi CBCT a generovanym OPG
zobrazenim) (Obr. 4, 5, 6).

Obr. 7. Bland-Altmandv rozdilovy graf pro reprodukovatelnost mé-
feni sklonu (inklinace) Spi¢aku od okluzni roviny na 2D OPG a CBCT.
Fig. 7. Bland-Altman plot for reproducibility of the measurement of
canine inclination from the occlusal plane in 2D OPG and CBCT.
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Obr. 8. Bland-Altmaniv rozdilovy graf pro reprodukovatelnost mé-
feni sklonu (inklinace) $pi¢aku od okluzni roviny na CBCT a genero-
vaném OPG.

Fig.8. Bland-Altman plot for reproducibility of the measurement of ca-
nine inclination from the occlusal plane in CBCT and generated OPG.

14.21° (between CBCT and 2D OPG) and 22.69° (bet-
ween CBCT and generated OPG) (Fig. 4, 5, 6).

With the inceasing canine inclination from the verti-
cal reference line the differences between CBCT and
other (planar) pictures reduced.

Canine long axis inclination to the occlusal plane in
OPG and CBCT

Canine inclination to the occlusal plane in OPG and
CBCT differed between two types of planar images
and CBCT scans significantly. The greatest difference
was recorded between CBCT and OPG scan genera-
ted from CBCT (systematic error 16.8°, p < 0.001). Sy-
stematic error between 2D OPG and CBCT was 14.7°
(p < 0.001). Systematic error between 2D OPGs and
generated OPGs was only 2.1° (p > 0.05).
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S rostoucim sklonem SpiCaku od vertikalni refe-
rencni linie se namérené rozdily mezi zobrazenimi
CBCT a ostatnimi (planarnimi) zobrazenimi zmenso-
valy.

Sklon (inklinace) dlouhé osy Spi¢aku k okluzni ro-
viné na OPG a CBCT

Nameérené hodnoty sklonu (inklinace) dlouhé osy
Spi¢aku k okluzni roviné na OPG a CBCT se ve stati-
sticky vyznamné mite soustavné li§i mezi obéma pla-
narnimi typy zobrazeni retinovaného Spi¢aku a CBCT
zobrazenim. Nejvétsi rozdil byl zaznamenan mezi
vlastnim CBCT zobrazenim a OPG zobrazenim gene-
rovanym z CBCT (soustavna chyba 16,8°, p < 0.001).
Mezi OPG zhotovenymina 2D rtg a CBCT je soustavna
chyba 14,7° (p <0.001). Rentgenogramy zhotovené na
2D OPG a generované z CBCT mély soustavnou
chybu jen 2,1° (p > 0.05).

Bland-Altmandv koeficient reprodukovatelnosti po
vylouc€eni 2 odlehlych hodnot mezi vSemi tfemi meto-
dami zobrazenikolisal v rozmezi od 16,65° (mezi gene-
rovanym OPG a 2D OPG zobrazenim) po 23,77° (mezi
CBCT a generovanym OPG zobrazenim) (Obr. €. 7, 8,
9).

S rostoucim sklonem $pic¢aku od okluzni roviny se
nameérené rozdily mezi zobrazenimi CBCT a ostatnimi
(planarnimi) zobrazenimi zvétSovaly.

Diskuse

Jako faktory ovliviujici délku 1é€by a prognézu za-
fazenijsou oznaCovany vzdalenost Spic¢aku a jeho uhel
k vertikalni referencni linii/roviné a k okluzni roviné [11,
12,13].

Ericson a Kurol[14], Stewart et al.[13], Wriedt et al.
[10] a McSherry et al. [15] uvadi, ze &im je Spic¢ak napii-
menéjsi (ma vetsi uhel od okluzni a mensi od vertikalni
roviny), tim je jeho progndza lepsi. Sklon Spi¢aku ke
stredni Care vétSi nez 45 % zhorSuje progndzu [16]
a i jeho reakci na lécbu [17]. Crescini et al. [18] uvadi,
ze kazdé zvétSeni uhlu dlouhé osy Spicaku ke stredni
Care 0 5° znamena prodlouzeni lé€by o 1 tyden. Pokud
je uhel k vertikalni referencni linii vétsi nez 45°, 32 %
$pic¢akl z této kategorie je doporuceno k extrakci, za-
timco témér vSechny Spic¢aky s uhlem mensim nez 30°
jsou doporuceny k zarazeni [16]. Stivaros, Mandall
a Orth [12] taktéz dokazali, ze maly sklon vede k lepSi
progndze zarazeni SpiCaku, konstatuji vSak, ze i Spi-
¢aky ulozené pod vétSim uhlem maji Sanci na zarazeni.
Pro stanoveni polohy retinovaného Spi¢aku na OPG
jsou definovana presna pravidla, ktera byla Iékari auto-
maticky prevzata i pro 3D zobrazovaci metody. Proto
bylo cilem studie zjisténi miry vzajemné zastupitelnosti
3 rliznych digitalnich rentgenogram pro uréovani po-
lohy retinovanych hornich $pi¢akd pomoci angular-
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Obr. 9. Bland-Altmandv rozdilovy graf pro reprodukovatelnost mé-
feni sklonu (inklinace) Spi¢aku od okluzni roviny na 2D OPG a gene-
rovaném OPG.

Fig.9. Bland-Altman plot for reproducibility of the measurement of
canine inclination from the occlusal plane in 2D OPG and generated
OPG.

Bland-Altman coefficient of reproducibility (after 2
outliers excluded) between all three imaging methods
oscillated within the interval 16.65° (between genera-
ted OPG and 2D OPG) and 23.77° (between CBCT
and generated OPG) (Fig. 7, 8, 9).

With the increasing canine inclination from the
occlusal plane the differences between CBCT and ot-
her (planar) scans increased.

Discussion

The factors affecting the length of treatment and
prognosis of impacted canine include the distance of
canine and its inclination to the vertical reference
line/plane and to the occlusal plane [11, 12, 13].

Ericsson and Kurol [14], Stewart et al. [13], Wriedt et
al. [10], and McSherry et al. [15] report that the more
upright the canine (it has greater angle from the occlu-
sal and smaller one from the vertical plane), the better
its prognosis. Canine inclination to the midline over
45% worsens the prognosis [16] as well as the tooth
response to the treatment [17]. Crescini et al. [18] state
that each increase in canine long axis angle to the mi-
dline by 5° results in one more week of the treatment. In
case the angle to the vertical reference line exceeds
45° 32 % of canines are recommended for extraction,
while almost all canines with the angle less than 30° are
recommended for alignment [16]. Stivaros, Mandall
and Orth [12] proved that small inclination results in
better alignment prognosis. However, they add that
even canines with bigger inclination can be aligned.
To establish the position of impacted canine in OPG
there are clear rules that are automatically used also
for 3D imaging techniques. Therefore, the aim of the
study was to determine the possibility of mutual sub-
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nich proménnych. V odborné literature podobné srov-
nani lokalizace retinovaného Spi¢aku pomoci téchto 3
zobrazovacich metod nebylo dosud provedeno.

Opakovatelnost

Chyba méreni presahla hodnotu 1° u méreni sklonu
Spi¢aku od vertikalni referenéni linie/roviny na CBCT
snimcich i u méreni sklonu dlouhé osy $pic¢aku k okluz-
ni roviné na CBCT snimcich. Chyba méfeni mohla byt
zpUsobena metodikou méfeni a nutnosti prevést 3D
rovinu na 2D linii pro méfeni uhlu. Pro identifikaci roviny
byl pouzit ofez roviny. Obzvlasté pro zméreni sklonu
Spi¢aku k okluzni roviné bylo Casto tfreba pootocit sni-
mek pro zméreni Uhlu pomoci 2D uhlového méfidlatak,
aby obsahoval jak rovinu, tak dlouhou osu $pic¢aku,
¢imz mohlo dojit k nepresnostem.

Relativni chyba méreni (koeficient variability, CV)
byla nejvétsi u méreni sklonu Spicaku od vertikalni re-
feren¢ni linie/roviny na CBCT (CV = 5,22 %). Vétsi
chyba méfeni mize byt dana problematickym uréenim
vertikalni roviny kvUli nutnosti postihnout vice anato-
mickych struktur pfi jeji konstrukci.

Reprodukovatelnost

Testy reprodukovatelnosti méreni na digitalnich
rentgenogramech prokazaly Spatnou a klinicky nedo-
state€nou reprodukovatelnost méreni mezi rentgeno-
gramy zhotovenymi rdznou technikou z hlediska
uréeni polohy retinovanych $pi¢akd vici referenénim
rovindm pomoci Uhlovych rozmérd.

Reprodukovatelnost méreni sklonu (inklinace) Spi-
C¢aku od vertikalni referencni linie/roviny na OPG
a CBCT: sklon (inklinace) Spi¢aku od vertikalni refe-
rencénilinie/roviny na OPG a CBCT se ve statisticky vy-
znamné mite soustavne lisi mezi vSemi tfemi typy rent-
genového zobrazeni. Je to pravdépodobné zplso-
beno rozdilem mezi zaznamenavanim 3D vertikalni
roviny a 2D vertikalni linie. Ke stejnému zavéru dosli
i Hutchinsonova et al. [4], ktefi uvadi, Ze uhlova méreni
na CBCT a OPG se navzajem liSi. Nejvétsi variabilita,
dle jejich vysledkl je v oblasti $pi¢akd a premolar(
v horni Celisti a dale distalné v Celisti dolni. Pripisuji to
pozici hlavy pfi zhotoveni OPG snimku, torzi kofenu
a deformaci snimku.

Naopak Botticelli et al. [23] a Al - Ansari et al. [24] ve
svych studiich nepotvrdili signifikantni rozdil mezi
sklonem $pic¢aku k vertikalni linii na 2D snimcich
a CBCT vysetteni. PFi¢inou nelisicich se vysledk( v&ak
mUZze byt spiSe metodika vyzkumu: Al -Ansari et al. [24]
rozdeélili sklon $pi¢aku k vertikalni linii na kategorie pod
anad 16°, Botticelli et al. [23] na 3 kategorie. Rozdéleni
vysledk( vede k zahrnuti velkého rozsahu hodnot do
jednotlivych kategorii.

stitutability of 3 different digital radiographs for identi-
fication of the impacted upper canines with angular pa-
rameters. In the literature a similar comparison of loca-
tion of impacted canine with the 3 imaging methods
has not been described yet.

Repeatability

In CBCT scans the error of measurement exceeded
1° in measurements of canine inclination from the ve-
rtical reference line/plane, and in measurements of ca-
nine long axis inclination to the occlusal plane. The
error of measurement might be due to a measurement
method and due to the need to transfer 3D plane to 2D
line for angle measurement. The plane was identified
by means of sculpt. Especially when measuring canine
inclinationto the occlusal plane, it was often necessary
to turn the scan slightly in order to measure the angle
with 2D protraktor and to include the plane as well as
canine long axis which might result in inaccuracy.

The relative error of measurement (coefficient of va-
riation, CV) was the highest in canine inclination from
the vertical reference line/plane in CBCT CV = 5.22
%). The higher error of measurement may be due to
difficult identification of the vertical plane - as it was ne-
cessary to include more anatomical structures during
its construction.

Reproducibility

Tests of measurement reproducibility in digital ra-
diographs proved poor and clinically insufficient repro-
ducibility of measurements between radiographs ta-
ken with different techniques from the viepoint of de-
termination of impacted canines location in relation
to the reference planes using angular parameters.

Reproducibility of measurement of canine inclina-
tion from the vertical reference line/plane in OPG and
CBCT scans: canine inclination from the vertical refe-
rence line/plane in OPGs and CBCTs is significantly
different between all three radiographs. This may be
due to the difference between recording of 3D vertical
plane and 2D vertical line. The same conclusion is arri-
ved at by Hutchinson et al. [4]. The authors found the
greatest variation in the maxillary canines and premo-
lar regions, and distally in the mandible. They conclude
it may be due to the head position during OPG, roots
torque and scan distortion.

On the contrary, Botticelli et al. [23] and Al-Ansari et
al. [24] did not prove significant differences between
canine inclination to the vertical line in 2D OPGs and
CBCTs. However, this may be due to the methodology
of their study: Al-Ansari et al. [24] divided canine incli-
nation to the vertical line into two categories - below
and above 16°; Botticelli et al. [23] worked with three
categories. Division of results leads to inclusion of
the wide range of values into individual categories.
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Algerban et al. [25] zjistili signifikantnirozdil v méfeni
Uhlu dlouhé osy Spic¢aku ke stfednilinii mezi OPG a me-
dium-FOV CBCT. Stejné jako Peck et al. [26] potvrdili,
Ze presnost urceni sklonu kofenl u OPG v porovnani
s CBCT neni spolehliva, hlavné v oblasti $pic¢aku
a prvnich premolarl, kde prdmérny rozdil uhld byl
10°. Rovnéz Pittayapat et al. [27] nalezli pouze mirnou
shodu mezi OPG a CBCT v méreni sklonu Spic¢aku ke
stfedni Care.

Bland-Altmandv koeficient reprodukovatelnosti pro
sklon Spic¢aku od vertikalni referencni linie/roviny koli-
salvrozmeziod 14,21°do 22,69°. Rozdily v reproduko-
vatelnosti obou metod jsou zde tak velké, ze ve svém
dlsledku mdze diagnostika provedena rozdilnymi me-
todami znamenat i stanovenijiného planu IéCby retino-
vaného Spic¢aku.

Z nasich vysledkl vyplyva, Ze Spicéky jsou zobra-
zeny na planarnich rentgenech horizontalnégji. Jejich
sklon od vertikalni linie je prdmérné o 11° (resp. 16°)
vétsinez na CBCT (Obr. 10). Tento rozdil je klinicky re-
levantni, protoZze nepfizniva hranice pro léCbu je
urCena od 45° [15, 16, 17]. Crescini et al. [18] uvadi,
7e kazdé zvétSeni Uihlu o 5° prodlouziléébu o tyden. Cili
rozdil v mérenich vyrazné ovlivni jak prognézu zaradi-
telnosti SpiCaku, tak i odhad délky IéCby.

U napiimenéjsich $pi¢akd s mensim uhlem sklonu
od vertikalni linie se rozdily v zobrazenich mezi planar-
nimi OPG a CBCT vyrazné zvétSovaly. Z toho vyplyva,
ze témér pravidelné postavené $picaky mohou byt fa-
leSné povazovany za hie zaraditelné, a naopak u $pi-
Caku s horsi progndzou a delsi délkou [éCby budou tyto
odchylky mensi (Obr. 11).

Reprodukovatelnost méreni sklonu (inklinace) dlou-
hé osy Spic¢aku k okluzni roviné na OPG a CBCT se ve
statisticky vyznamné mife soustavné li§i mezi obéma
planarnimi typy zobrazeni retinovaného 3$picaku
a CBCT zobrazenim. Je to patrné zplsobeno metodi-
kou méreni. Pfi méreni uhlu k odfiznuté okluzni roviné
témeér v 65 % méreni je nutno pootocit obraz tak, aby
na jednom zobrazeni byla i rovina okluze i dlouha osa
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Obr. 10. Soustavna chyba v reprodukovatelnosti méreni sklonu Spi-
&aku od vertikalni referenéni linie/roviny a od okluzni roviny na digi-
talnich rentgenogramech

Fig. 10. Systematic error in the reproducibility of the measurement of
canine inclination from the vertical reference line/plane and from the
occlusal plane in digital radiographs.

Algerban et al. [25] found significant difference in
the measurements of canine long axis inclination to
the midline between OPG and medium-FOV CBCT. Si-
milarly as Peck et al. [26], they proved that the accu-
racy of the roots inclination in OPG compared to CBCT
is not reliable, especially in canine and first premolars
regions, where the mean difference of angles was
10°. Pittayapat et al. [27] found only a moderate agree-
ment between OPG and CBCT in measurements of ca-
nine inclination to the midline.

Bland-Altman coefficient of reproducibility for the
canine inclination from the vertical reference line/plane
was within the interval 14.21° and 22.69°. The differen-
ces in the reproducibility of the two methods are so
profound that the diagnosis made with different me-
thods may result in different treatment plan of impac-
ted canine.

Our results suggest that in planar radiographs the
canines appear more horizontally. Their inclination
from the vertical line is by 11° (16° respectively) bigger
than in CBCT (Fig. 10). The difference is clinically rele-
vant as the unfavourable limit for treatment is set from
45°[15, 16, 17]. Crescini et al. [18] reports that each in-
crease in the angle by 5° results in one more week of
treatment. Therefore, the difference in measurements
significantly affects both prognosis of successful ca-
nine alignment and the length of treatment.

In case of more upright canines with smaller inclina-
tion from the vertical line the differences between pla-
nar OPGs and CBCTs increased. It follows that almost
regularly positioned canines may be falsely conside-
red less suitable for alignment, and, on the contrary,
in case of a canine with worse prognosis and longer
treatment the deviations will be smaller (Fig. 11).

Reproducibility of measurements of canine long
axis inclination to the occlusal plane in OPG and CBCT
was significantly different between the two types of
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Obr. 11. LepSireprodukovatelnost polohy Spi¢aku je tehdy, pokud je
$picak sklonény vice od vertikalni linie. Cim vétsi sklon, tim lep&i re-
produkovatelnost

Fig. 11. Reproducibility of canine position is better when the canine
inclines more from the vertical line. The greater inclination, the better
reproducibility.
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$pi¢aku. To pak muze ovlivnit vysledek uhlového mé-
feni. Hutchinsonova et al. rovnéz uvadi méreni uhlu
jako nepresné [4].

Bland-Altmanlv  koeficient reprodukovatelnosti
ukazal velky rozptyl (16,65°; 23,77°), tedy Spatnou a kli-
nicky nedostateCnou reprodukovatelnost mezi OPG
a CBCT p¥i uréovani polohy retinovanych $pi¢aku vici
referencnim rovinam prostfednictvim jejich Uhlové re-
lace k okluzni roviné.

Z vysledk( zde prezentované studie vyplyva, Ze re-
tinované zuby jsou zobrazeny na planarnich rentge-
nech horizontalngji. Jejich sklon od okluzni roviny je
primémeé o 15° (resp. 17°) mensi nez na CBCT (p <
0.01). Protoze sklon dlouhé osy Spi¢aku k okluzni linii
je jeden z nejCastéji pouzivanych parametrl hodno-
ceni polohy retinovaného zubu, je dilezité si uvédomit,
Ze 3picaky se na 2D rentgenovych snimcich zobrazuiji
v horizontalngjsi pozici a mohou byt tim padem pova-
zovany za obtiznégji zafaditelné. Naopak CBCT faleSné
Zlepsuje sklon Spic¢aku oproti 2D rentgenovému zobra-
zeni (obr.10).

S rostoucim sklonem 3Spi¢adku od okluzni roviny,
tedy u napfimenéjsich Spi¢aku s vétSim uhlem sklonu
od okluzni roviny, se namérené rozdily mezi zobraze-
nimi CBCT a ostatnimi (planarnimi) zobrazenimi zvét-
Sovaly. Je zfejmé, Ze sklon palatinalné retinovaného
$pic¢aku k okluzniroviné 50° a vic stuprid je obtiznéji re-
produkovatelny (obr. 11).

| kdyz mnohé studie ukazaly pfidanou hodnotu
CBCT v diagnostice resorpci kofent a dychacich cest,
stdle je nedostatek dlikaz(, ze CBCT nabizi vyhodnéjsi
diagnosticky potencial nebo vede k lepSimu léCeb-
nému planu a prediktabilngjSimu vysledku [éCby nez
tradi¢ni 2D zobrazovaci techniky [28]. Dle review Esla-
miho et al. [29] presnost CBCT osciluje mezi 50 % a 95
%, kdezto presnost tradiCni zobrazovaci tehniky osci-
luje mezi 39 % a 85 %. Nizka az stfedni shoda mezi
hodnocenimi lokalizace $pi¢akl rdznymi zobrazova-
cimi technikami znamena, Ze z nich ziskané informace
jsou rozdilné a mohou ovlivnit plan 1éCby. CBCT je
diologie je pro diagnostiku nedostatecna. Jedna se
hlavné o pfipady s podezienim na resorpci, ankylozu,
cystu, anomalni anatomii kofene a jiné, kde presné;si
diagnostika ovlivni plan 1éCby [5]. Cilem této studie ne-
bylo rozhodnout, kterartg diagnostika je pro uréeni po-
zice retinovaného Spicaku lepsi, ale predevSim upo-
zornit na rozdily v mérenich zjisténé mezi 2D a 3D zo-
brazenimi. Proto pokud chceme pro lokalizaci
retinovaného zubu pouzit hodnoty parametr( defino-
vané pro OPG, ale mame k dispozici pouze CBCT, je
lepSi zhotovit generované OPG a méfit na ném z du-
vodu stejné hodnoty systematické chyby. Je vhodné,
aby v budoucnu byly vytvofeny nové metodiky méreni

planarimages of impacted canine and CBCT. This may
be due to the technique of meaurement. When measu-
ring the inclination to the scuplted occlusal plane, the
image must be almostin 65% of measurements turned
slightly to include the occlusal plane as well as canine
long axis. This may then affect the result of angular
measurement. Hutchinson et al. [4] also cites inaccu-
rate angle measurement.

Bland-Altman reproducibility coefficient showed
great variance (16.65°; 23.77°), i.e. poor and clinically
insufficient reproducibility between OPG and CBCT
in determining the location of impacted canines to
the reference planes by means of their angular relation
to the occlusal plane.

Our results suggest thatimpacted teeth are situated
more horizontally in planar radiographs. Their inclina-
tion from the occlusal plane is by 15° (17° respectively)
smaller than in CBCT (p < 0.01). Canine long axis incli-
nation to the occlusal line is one of the most frequently
used parameters for the assessment of impacted tooth
location, and therefore, it is important to remember
thatin 2D scans canines are situated more horizontally
and may be falsely considered as less capable of aling-
ment. On the contrary, CBCT falsely improves canine
inclination when compared to 2D OPG (Fig. 10).

With the increasing inclination of canine from the
occlusal plane, i.e.in more upright canines with greater
inclination from the occlusal plane, the measured diffe-
rences between CBCTs and other (planar) images in-
creased. It is clear that the palatally impacted canine
inclination to the occlusal plane of 50° and more is
more difficult to reproduce (Fig. 11).

Though several studies advocate CBCT in the diag-
nosis of root resorption and airways problems, there is
lack of evidence that CBCT provides better diagnostic
possibilities or that it results in a better treatment plan
and more predictable results than 2D imaging me-
thods [28]. According to the review by Eslami et al.
[29] the accuracy of CBCT oscillates between 50 %
and 95 %, while the accuracy of a traditional imaging
methods oscillates between 39 % and 85 %. The weak
to moderate agreement between evaluation of canine
location with different imaging methods means that
the information obtained is different and may affect
the treatment plan. CBCT is more effective in more
complex cases where conventional radiology is not
enough. These are especially patients with suspected
resorption, ankylosis, cyst, anomalous root anatomy,
etc., in which a more precise diagnostics directly af-
fects the treatment plan [5]. The aim of our study was
not to decide which radiographic diagnostics is better
for the determination of impacted canine position, but
to draw attention to differences in measurements bet-
ween 2D and 3D images. Therefore, in case we want to
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Spic¢aku pro CBCT. Tato méreni by mela byt tfidimen-
zionalni a jejich parametry by nemély byt automaticky
prenaseny do dvoudimenzionalniho zobrazeni. Jako
velice slibna se v tomto sméru jevi méreni v souradni-
covém systému.

Zavér

Pomoci testll opakovatelnosti méreni se podafila
prokazat dobra a klinicky uspokojiva mira opakovatel-
nosti uréeni polohy $pi¢akd pro vSechny sledované
typy rentgenogramé v uhlovych charakteristikach je-
jich polohy vlc¢i referenénim rovinam.

Testy reprodukovatelnosti méreni na digitalnich
rentgenogramech prokazaly Spatnou a klinicky nedo-
state€nou reprodukovatelnost méfeni mezi rentgeno-
gramy zhotovenymi réiznou technikou (OPG, CBCT
a generované OPG) z hlediska ur&eni polohy retinova-
nych $pi¢akl vici referenénim rovindm pomoci Uhlo-
vych rozmérd.

Vysledky meéreni dale prokazaly velkou a klinicky
podstatnou soustavnou odchylku (bias) namérenych
hodnot u uhlovych méreni mezi tfidimenzionalnimi
snimky Celisti zhotovenymi na CBCT a mezi dvoudi-
menzionalnim OPG zhotovenymi na digitalnim ortho-
pantomografu nebo pocitaCoveé generovanymiz CBCT
snimka.

Kvdli rozdilu vysledkd neni mozné 2D a 3D zobrazo-
vaci techniky zcela volné zaménovat a nékteré starsi
poznatky ziskané na 2D materialu automaticky apliko-
vat na CBCT snimky.

Autofi nemaji komercni, vlastnické nebo finan¢ni zajmy na pro-
duktech nebo spolec¢nostech popsanych v tomto ¢lanku.

use parameters defined for OPG to locate impacted
tooth, but we have only CBCT at our disposal, it is bet-
ter to prepare generated OPG, due to the same syste-
matic error. In the future new methodology for canine
measurements for CBCT should be adopted. These
measurements should be 3D and their parameters
should not be automatically transfered into 2D images.
Measurements done in the system of coordinates
seem as a promising method.

Conclusion

Tests of measurement repeatability proved a good
and clinically sufficient repeatability of the determina-
tion of canine position in all types of radiographs.

Tests of measurement reproducibility in digital ra-
diographs proved poor and clinically insufficient repro-
ducibility of measurements between radiographs pre-
pared with different techniques (OPG, CBCT, and ge-
nerated OPG) from the viewpoint of the
determination of impacted canines position related
to the reference planes using angular parameters.

Measurements results proved great and clinically
significat systematic deviation (bias) of values measu-
red and in angular measurements between 3D scans
done with CBCT and 2D OPG done in digital orthopan-
tomograph or generated from CBCT scans.

Due to the different results the 2D and 3D imaging
techniques cannot be mutually replaced, and the infor-
mation obtained from 2D material cannot be automati-
cally applied on CBCT scans.

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