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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 linearnich méreni.

Material a metodika: CBCT snimek byl zhotoven u 43 pacientt s 51 palatinalné retinovanymi Spicaky. Byla
meérena vzdalenost retinovaného Spi¢aku od okluzni a vertikalni roviny na OPG, CBCT a OPG generovaném
z CBCT. Ke zjisténi spolehlivosti méfeni na digitalnich rentgenovych snimcich a ke zjiSténi miry vzajemné zastu-
pitelnosti digitalnich rentgenogramu zhotovenych tfemi riznymi zpsoby byla hodnocena opakovatelnost a re-
produkovatelnost méreni. Opakovatelnost méreni byla kvantifikovana technickou chybou méreni metodou dle
Dalhberga a z ni odvozenou relativni chybou méfeni. Reprodukovatelnost mérfeni byla kvantifikovana koeficien-
tem opakovatelnosti podle Blanda a Altmana spolu s grafickou vizualizaci vystupu Bland-Altmanovymi rozdilo-
vymi grafy.

Vysledky: Provedeny experiment prokazal dobrou a klinicky uspokojivou miru opakovatelnosti uréeni polohy
Spic¢akl pro OPG, CBCT a OPG generované z CBCT v linearnich charakteristikach jejich polohy vici referencnim
rovinam. Testy reprodukovatelnosti méfeni dale prokazaly dobrou a klinicky akceptovatelnou reprodukovatelnost
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méreni mezi rentgenogramy zhotovenymi riznou technikou z hlediska uréeni polohy retinovanych Spicakd vaci
referen¢nim rovinam pomoci linearnich rozméra.

Zavér: Dvoudimenzionalni a trojdimenzionalni zobrazovaci techniky jsou pro klinické ortodontické méreni li-
nearnich parametr( pozice retinovaného Spicaku zaménitelné (Ortodoncie 2020, 29, &. 4, s. 221-233).

Abstract

Aim: The study aims to assess potential substitutability of 3 different digital radiographic images used in de-
termining the position of impacted maxillary canines with linear measurements.

Material and method: CBCT scan was done in 43 patients with 51 impacted maxillary canines. The distance
between the impacted canine and the vertical plane was measured in OPG, CBCT and OPG generated from
CBCT. To assess reliability of measurements in digital radiographs and to find potential substitutability of three
different roentgenograms the repeatability and reproducibility was evaluated. Measurement repeatability was
expressed with measurement erroraccording to Dahlberg and derived relative measurement error. Measurement
reproducibility was expressed with reproducibility coefficient according to Bland and Altman together with grap-
hic visualization of the outcome by Bland-Altman plots.

Results: The study proved a good and clinically sufficient rate of repeatability of canine location measure-
ments for OPG, CBCT and OPG generated from CBCT in linear parameters related to reference planes. Tests
of measurement reproducibility further proved good and clinically acceptable reproducibility of measurements

in radiographs obtained with different methods.

Conclusion: 2D and 3D imaging techniques used in clinical orthodontic measurements of linear parameters of
impacted canine location are interchangeable (Ortodoncie 2020, 29, No. 4, p. 221-233).

Kli¢ova slova: retinované Spi¢aky, ortopantomogram, CBCT
Key words: impacted canines, orthopantomogram, CBCT

Uvod

Retence hornich $pic¢akl se vyskytuje jako druha
nejCastéjsi po tretich molarech - postihuje 2 % popu-
lace. Porucha vyvoje a erupce $pi¢aku mize vyustit
ve funkeni a estetické problémy dentice [1].

V&asna a presna diagnostika retence hornich $pi-
¢akl je dulezita kvali moznosti interceptivni l1écby
a efektivni terapii retence. Zahrnuje anamnézu, klinic-
kou diagnostiku a definitivni potvrzeni retence rentge-
novym vysetfenim.

NejCastéji je pro potvrzeni diagndzy indikovano
dvoudimenzionalni (2D) rentgenové vySetieni. Pouzi-
vany jsou dva na sebe kolmé snimky, nejvice OPG a ke-
falometricky nebo okluzni snimek. AvSak validita loka-
lizace retinovaného SpiCaku a ozfejméni prilehlych
struktur mohou byt snizeny kvili nedostatkiim 2D zo-
brazeni, jako jsou distorzni chyby projekce, neostry o-
braz a prekryvani maxilofacialnich struktur [2]. Tyto
faktory zvySuji riziko Spatného vyhodnoceni presné
polohy retinovaného zubu.

S rozvojem rentgenologické diagnostiky stoupa
i frekvence pouziti cone-beam computed tomography
(CBCT) pro diagnostiku retinovanych zub@. Jeho ne-
spornou vyhodou je, kromé ziskani detailni informace
o lokalizaci retinovaného Spic¢aku, moznost uréenijeho
presného vztahu k pfilehlym zubdm a okolnim struktu-
ram i stanoveni rozsahu pfipadné resorpce korend
sousednich zubl. Nevyhodou CBCT je vétsi davka ra-
diacniho zareni nez u konven¢niho 2D vysSetreni. Kaz-
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Introduction

Impacted maxillary canines are second most fre-
quent after third molars - 2% of the population are af-
fected. Disorder of canine development and eruption
may result in functional and esthetic problems of den-
tition [1]. Early and precise diagnostics of impacted
maxillary canines is important for a possible intercep-
tive treatment and effective therapy of the retention.
It includes personal history, clinical diagnostics and fi-
nal proof of impaction with radiographic examination.

To prove the diagnosis 2D X-ray examination is indi-
cated most frequently. Two pictures perpendicular to
each other are used, mostly OPG and cephalogram
orocclusal X-ray. However, validity ofimpacted canine
location and adjacent structures may be reduced due
to 2D imaging imperfections, such as distorsion errors
of projection, blurred scan and overlapping maxillofa-
cial structures [2]. These factors increase the risk of
poor evaluation of an impacted tooth precise location.

With the advancement of radiological diagnostics
thereis anincrease in the use of cone-beam computed
tomography (CBCT) in diagnostics of impacted teeth.
Apart from the detailed information on the location of
impacted canine, CBCT advantage is seen in the de-
termination of an impacted canine relationship with
adjacent teeth and structures as well as in the determi-
nation of the potential resorption of the roots of adja-
cent teeth. The disadvantage of CBCT is a greater ra-
diation load compared to a conventional 2D examina-
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dopadné podle doporu¢eni SEDENTEXCT Guidelines
dvojdimenzionalni rentgenové vysetieni zlstava zla-
tym standardem pro diagnostiku pozice retinovanych
Spicakd [3].

Terapie retence Spi¢aku je spojena s rizikem kom-
plikaci, které mohou negativné ovlivnit celkovy vysle-
dek 1éCby [4]. Progndza zarazeni retinovaného Spic¢aku
do zubniho oblouku pomoci ortodontické terapie za-
visi kromeé erudice ortodontisty nainicialni poloze zubu
a celkové anatomické situaci. Faktory ovliviujici délku
a prognoézu lécby mizeme rozdélit na linearni a ihlové
charakteristiky urCeni polohy retinovaného Spic¢aku
vUci referenénim rovinam.

NejCastéji pouzivanym linearnim parametrem je
ureni vertikalni pozice Spi¢aku vUci okluzni roviné.
Dle Stewarta [5] hranice vertikalni vzdalenosti hrotu
Spi¢aku od okluzni roviny, od které se IéCba vyrazné
prodlouzi, je 14 mm [6, 7, 8]. ZvétSeni vertikalni vzdale-
nosti o 1 mm od okluzni roviny na OPG snimku pro-
dlouzi délku IéCby o 1 tyden.

Dalsim linearnim parametrem je horizontalni vzdale-
nost hrotu $pi¢aku od vertikalni referencniroviny, nebo
posouzeni miry prekryvani s okolnimi strukturami v ho-
rizontalnim anterioposteriornim sméru [7, 9]. Poloha
hrotu Spi¢éaku za hranici stredové dlouhé osy lateral-
niho fezaku je povazovana za ukazatel, ktery znaci vét-
Siriziko pozdéjsi retence Spic¢aku [10], resorpci zpliso-
benych Spi¢akem [11] adelSi dobu IéCby pii zafazovani
[12]. Cim menéi je linedrni vzdalenost $picaku od verti-
kalni referencni roviny, tim je horsi prognéza moznosti
zarazeni, délka lé¢by se prodlouzi o 10 kontrol [6]
a spontanni Uprava erupcni drahy po extrakci doCas-
ného Spic¢aku je méné pravdépodobna [13].

Tyto parametry urcujici délku terapie, prognézu
IéCby a riziko komplikaci jsou pouzivany jiz fadu let,
vétsina z nich v8ak byla definovana a ovérena na 2D
rentgenovych snimcich. Pro méfeni na CBCT jsou do-
posud pouzivany stejné parametry, jako pro 2D diag-
nostiku. Rovnéz KPG index, vyvinuty pro 3D zjistovani
pozice retinovaného $pi¢aku na CBCT, vychazi
ztéchto parametr(, jelikoZ vyuZziva stejné hodnoty jako
byly zjisténé na OPG [4]. To ovSem navozuje otazku,
zda opravdu miZzeme pouzit stejna méreni a obzvlasté
stejné referencni hodnoty parametr( pro diagnostiku
lokalizace retinovanych $pi¢akd na CBCT.

Cil

Cilem studie bylo zjisténi miry vzajemné zastupitel-
nosti 3 rliznych digitalnich rentgenogramd pro uréo-
vani polohy retinovanych hornich $pi¢akd. Digitalni
rentgenogramy byly zhotoveny tfemi rGznymi zpU-
soby: 1) trojdimenzionalni snimek Celisti na CBCT, 2)
OPG a kefalometricky snimek na dvoudimenzionalnim
digitalnim orthopantomografu, 3) OPG a kefalome-
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tion. However, according to SEDENTEXCT Guidelines
2D radiological examination remains a golden stan-
dard in diagnostics of impacted canines location [3].

Impacted canine therapy brings about the risk of
complications that may have a negative impact on
the overall treatment result [4]. The prognosis of the im-
pacted canine alignment into the dental arch with
orthodontic treatment depends on an orthodontist’s
erudition as well as on the initial tooth position and
overall anatomical situation. The factors influencing
the treatment length and prognosis can be divided into
linear and angular characteristics of the impacted ca-
nine position to reference planes.

Determination of vertical position of canine to the
occlusal plane is the most frequent linear parameter.
According to Stewart [5] the borderline value of vertical
distance of canine tip from the occlusal plane is
14 mm; beyond this value the treatment is distinctively
longer [6, 7, 8]. Increase in vertical distance by 1 mm
from the occlusal plane in OPG results in the treatment
taking an extra week.

Another linear parameter is horizontal distance of
canine tip from the vertical reference plane, or assess-
ment of the extent of overlap with adjacent structures
in horizontal anterioposterior direction [7, 9]. The posi-
tion of canine tip beyond the borderline of middle long
axis of lateral incisor is considered an indicator of hig-
her risk of later canine impaction [10], root resorptions
[11], and longertreatmentinvolving alignment [12]. The
shorter the linear distance between canine and the ve-
rtical reference plane, the worse prognosis of align-
ment, treatment takes another 10 check-ups [6], and
spontaneous adjustment of eruption after temporary
canine extraction is less likely [13].

The parameters determining the length of therapy,
treatment prognosis, and risk of complications have
been used for years, however, most of them were de-
fined and verified in 2D scans. For measurements in
CBCT, the same parameters as for 2D diagnostics
are used. KPG index developed for 3D determination
ofimpacted canine location in CBCT is based on these
parameters as it uses the same values determined in
OPG [4]. There arises the question whether it is really
possible to use the same measurements and the same
reference values of parameters to establish impacted
canines location in CBCT.

Aim

The aim of our study was to establish a potential re-
ciprocal substitutability of the three different radio-
graphic images in determining impacted maxillary ca-
nines position. Digital radiographs included: 1) 3D
scan of jaws in CBCT, 2) OPG and cephalogram in
2D digital OPG, 3) OPG and cephalogram generated
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tricky snimek pocitacové generovany z CBCT snimku.
Poloha Spic¢aku byla hodnocena pomoci jeho vztahu
k referenénim rovinam: 1) k vertikalni referenc¢ni linii/ro-
viné a 2) k okluzniroviné v linearnich mirach polohy $pi-
¢aku vUci referencnim rovinam.

Material

Soubor tvorili pacienti ortodontického oddéleni Kili-
niky zubniho lékarstvi LF UP a FN Olomouc a Stomato-
logické kliniky UK a FN Hradec Kralové. Ze vSech pa-
cientl oddéleni byli vybrani pacienti s retenci horniho
Spi¢aku. Dentalni nebo skeletalni ortodonticka anoma-
lie neméla vliv na zafazeni do souboru. Pacienti se
syndromy, nebo pacienti s aplazii byli ze souboru vy-
louceni. Z 420 konsekutivnich pacientt s retenci $pi-
¢aku mélo palatindlni retenci Spi¢aku 62 pacientd.
Podminku dobie ¢itelnych snimk(, u CBCT bez arte-
faktl s dostate¢nym FOV, kde OPG a CBCT byly zho-
tovené s rozdilem maximalné dvou tydnd, splriovalo 43
pacientl. OPG snimek byl pacientdm zhotoven pro
upresnéni diagndézy, indikaci pro zhotoveni CBCT bylo
podezieni na resorpci lateralniho fezaku a upresnéni
kontaktu a pozice $pi¢aku vici lateralnimu rezaku.

Celkové bylo v souboru 17 muz( (39,5 %) a 26 Zzen
(60,5 %). Primérny vék pacientl byl 18 let 8 mésicl
(SD + 8,6 let). Nejmladsi mél 9 let 11 mésicU, nejstarsi
42 let 3 mésice.

8 pacientll mélo Spicak oboustranné retinovany,
jednostranna pravostranna retence byla u 19 pacientd,
levostranna u 16. Celkoveé bylo tedy posuzovanych 51
palatinalné retinovanych $pi¢akd. Odlehlé hodnoty -
u vzdalenosti k vertikalni linii dvé, u vzdalenosti k oklu-
zni roviné 3, byly z hodnoceni vylouceny.

OPG snimky na Planmeca Pro Max na Klinice zub-
niho lékarstvi LF UP a FN Olomouc i na Stomatolo-
gické klinice UK a FN Hradec Kralové byly zhotoveny
pfi davce zareni 68 kVp, proudu rentgenky 10 mA.
CBCT snimky byly zhotoveny na stejném zafizeni
s davkou 84 kVp, proud rentgenkou byl 12 mA,
tloustka fezu 0,2 mm, a ukladany ve formatu DICOM 3.

Metodika

Byly hodnoceny OPG, CBCT a generované OPG
snimky z CBCT.

Snimky CBCT byly hodnoceny v programu EZ3D
plus premium. Pfed dalsi manipulaci s CBCT snimky,
byly jednotlivé snimky orientovany dle referencnich ro-
vin. Horizontalni rovina probihala okluzni rovinou pro-
chazejici hornim fezakovym bodem a mezidlnimi
hrbolky hornich prvnich molarQ. Vertikalni rovina roz-
pdlila uhel dlouhych os hornich stéalych rezakd, probi-
hala podél raphe palatinae pres spina nasalis anterior
a posterior. Sagitalni rovina probihala fezakovym bo-
dem. Horizontalni, vertikalni a sagitalni rovina byly na-

224

with computer from CBCT scans. The canine position
was evaluated with the help of its relationship to refe-
rence planes: 1) to the vertical reference line/plane,
and 2) to the occlusal plane in linear measurements
of the canine location to the reference planes.

Material

The sample included patients of the Department of
Orthodontics, Institut of Dentistry, Faculty of Medicine
and Dentistry and University Hospital Olomouc, and
patients of Clinic of Stomatology, Charles University
and University Hospital Hradec Kralové. The patients
with impacted maxillary canine were selected. Dental
or skeletal orthodontic anomaly did not prevent the pa-
tients to be included in the sample. Patients with synd-
romes or with aplasia were excluded from the sample.
Out of 420 consecutive patients with impacted cani-
nes, 62 patients had palatally impacted canine. 43 pa-
tients met the following criteria: well readable scans,
no artifacts and sufficient FOV in CBCTs, where OPG
and CBCT were taken within the interval of maximum
two weeks. OPG scan was made to specify the diag-
nosis, CBCT was indicated in case of suspected re-
sorption of lateral incisor and to specify contact and
position of canine to lateral incisor.

The sample included 17 males (39.5%) and 26 fe-
males (60.5%). The mean age was 18 years and 8
months (SD + 8.6 yrs). The youngest patient was 9
years and 11 months old, the oldest 42 years and 3
months.

In 8 patients there was bilaterally impacted canine,
in 19 unilateral - right side, in 16 unilateral on the left
side. Overall 51 palatinally impacted canines were as-
sessed. Outliers - in the distance to the vertical line 2, in
the distance to the occlusal plane 3 - were excluded
from the evaluation.

OPG scans taken with Planmeca Pro Max at the Cli-
nic of Dentistry, Faculty of Medicine and Dentistry of
Palacky University and University Hospital Olomouc,
and in Clinic of Stomatology of Charles University
and University Hospital Hradec Kralové were made
with the radiation load 68 kVp, X-ray tube current 10
mA. CBCT scans were taken with the same device with
the radiation load 84 kVp, X-ray tube current 12 mA,
scan thickness 0.2 mm, and were saved in DICOM 3
format.

Method

OPG, CBCT and OPG generated from CBCT scans
were evaluated.

CBCT scans were evaluated with the programme
EZ3D Plus Premium. Prior to further manipulation indi-
vidual CBCT scans were oriented according to refe-
rence planes. Horizontal plane ran through the occlu-
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vzajem kolmé. Vycentrovany snimek byl uloZzen a pou-
Zit pro generovani OPG a jednotliva méreni.

Generovany OPG snimek byl vytvofen v programu
EZ3D Plus premium z CBCT snimku po reorientaci ro-
vin pomoci funkce Panoramic curve. Pribéh fezu byl
individualizovan dle tvaru zubniho oblouku pacienta
a probihal stredem jednotlivych zubl v pribéhu zub-
niho oblouku na urovni jejich cementoskloviné hranice.
Pro dostate¢né zobrazeni palatinalné retinovaného
8picaku jsme zvolili tloustku fezu 20 mm.

Méreni bylo provedeno jednim lékafem zbéhlym
v méfeni a analyze retinovanych Spi¢akd. Opakovana
méreni byla provedena stejnym Iékafem za 2 mésice
po prvnim hodnoceni. Méfeni na OPG byla realizovana
v programu DfW Digora pro Windows (Soredex). CBCT
a OPG generované z CBCT byly méreny v programu
EZ3D Plus premium. OPG snimek z CBCT byl genero-
van hned po reorientaci a ulozen. Aby se predeslo bias
CBCT byly hodnocené jako prvni, za 4 mésice byla
provedena méfeni na OPG aza 4 mésice od hodnoceni
OPG byla provedena méfeni na generovaném OPG.

U kazdého pacienta byly hodnoceny tyto parame-
try:

1) Vzdalenost hrotu Spi¢aku k vertikalni referencni li-
nii/roviné (v.mm)

Postup méfeni na OPG a generovaném OPG
snimku

V pocitatovém programu DfW Digora pro Windows
(Soredex) pro OPG a v programu EZ3D Plus premium
pro generované OPG byla narysovana vertikalni refe-
rencni linie (stfedni ¢ara horniho oblouku), ktera rozpU-
lila dlouhé osy hornich stalych fezak(. Od hrotu $pi-

Obr. 1. Horizontalni vzdalenost hrotu Spi¢aku k vertikalni referenéni
linii na CBCT.

Fig. 1. Horizontal distance between canine tip and the vertical refe-
rence line in CBCT

www.ortodonciejournal.cz  e-mail: redakce@ortodonciejournal.cz, office@ortodonciejournal.cz

sal plane running through upper incisal edge and me-
sial cusps of maxillary first molars. Vertical plane split
the angle between long axes of maxillary permanent
incisors, ran along raphe palatinae through spina na-
salis anterior and posterior. Sagittal plane ran through
incisal edge. Horizontal, vertical and sagittal planes
were perpendicular to each other. Centred scan was
saved and used for generation of OPG and for indivi-
dual measurements.

Generated OPG scan was made with the pro-
gramme EZ3D Plus Premium from CBCT scan after
planes reorientation with the function Panoramic
curve. The scan was individual according to the shape
of a patient’s dental arch and ran through the centre of
individual teeth within the dental arch at the level of
their cemento-enamel junction. To obtain a good qua-
lity image of palatally impacted canine we used the
scan thickenss of 20 mm.

Measurements were done by one and the same
dentist erudite in measuring and analyzing impacted
canines. Repeated mesurements were done by the
same dentist 2 months after the first evaluation. Mea-
surements in OPG were carried out using the pro-
gramme DfW Digora for Windows (Soredex). CBCT
and OPG generated from CBCT were measured using
the programme EZ3D Plus Premium. OPG scan from
CBCT was generated immediately after the reorienta-
tion and saved. To avoid bias, CBCTs were evaluated
as first, measurements in OPG were done 4 months la-
ter, and generated OPGs were evaluated after another
4 months.

In each patient the following parameters were eva-
luated:

1) Distance between canine tip and the vertical refe-
rence line/plane (in mm)

Technigue of measuring in OPG and in generated
OPG

In the software DfW Digora for Windows (Soredex)
for OPG and in EZ3D Plus Premium for generated
OPG the vertical reference line was drawn (midline of
the upper dental arch) splitting long axes of maxillary
permanent incisors. From canine tip a perpendicular
was drawn to the vertical reference line [15]. The di-
stance of canine tip was measured perpendicularly
to the vertical reference line with a millimeter 2D gauge
with the accuracy of 0.1 mm.

Measurements in CBCT

The vertical plane ran through the middle of raphae
palatinae, incisal edge and spina nasalis anterior and
posterior, it splitted nasal conchae and long axes of
maxillary permanent incisors. After setting of the verti-
cal plane there was (with the help of sculpt in the axial
scan) removed the part without impacted canine, and
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¢aku byla zhotovena kolmice na vertikalni referencni li-
nii [15]. Vzdalenost hrotu Spi¢aku byla mérena kolmo
na vertikalni referencni linii milimetrovym 2D méfidlem
s pfesnosti 0,1 mm.

Méreni na CBCT

Vertikalni rovina prochazela stfedem raphe palati-
nae, fezakovym bodem a spina nasalis anterior i poste-
rior, pllila konchy nosni a dlouhé osy hornich stalych
fezakl. Po zadani vertikdlni roviny se v axidlnim fezu
pomoci funkce sculpt (ofez) odstranila polovina neob-
sahujici retinovany $picak a tim se zajistila identifikace
vertikalni referencni roviny.

V koronarnim fezu pomoci tfibodového 2D uhlo-
vého meridla byla zhotovena kolmice hrotu Spicaku
na vertikalni referencni rovinu. Pomoci 2D pravitka se
zméfila vzdalenost hrotu Spi¢aku kolmo na vertikalni
referencni rovinu (Obr. 1).

2) Vertikdlni vzdalenost hrotu $pi¢aku od okluzni ro-
viny (v mm)

Postup meéreni na OPG a generovaném OPG
snimku

Od hrotu Spic¢aku byla zhotovena kolmice na okluzni
rovinu [5]. Linie roviny okluze horniho zubniho oblouku
prochazela hornim fezdkovym bodem a mezialnim
hrbolkem horniho prvniho molaru. Vzdalenost hrotu
Spic¢aku byla méfrena kolmo na okluzni rovinu milime-
trovym 2D méfidlem s ptresnosti 0,1 mm (Obr. 2).

Méreni na CBCT

Méreni probihalo v koronarnim fezu po identifikaci
hrotu retinovaného Spicaku a zadani okluzni roviny.
Zhotoveni kolmice od hrotu Spi¢aku k okluzniroviné u-
moznila funkce tfibodového 2D méfeni uhlu. Bokem se
narysoval pravy uhel, ktery se prenesl na okluzni rovinu
(charakterizuje ji axialni zelené zobrazena rovina) a pro-
chazel hrotem Spic¢aku. Pomoci 2D pravitka se zméfila
vzdalenost hrotu Spi¢aku kolmo na okluzni rovinu
(Obr. 3).

Pouzité statistické metody

Opakovatelnost (repeatability) méreni byla kvantifi-
kovana technickou chybou méreni (technical error of
measurement, TEM) metodou dle Dalhberga a z ni od-

== ——3

Obr. 2. Vertikalni vzdalenost hrotu Spi€aku od okluzni roviny na
OPG.
Fig. 2. Vertical distance between canine tip and the occlusal plane in
OPG.
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thus identification of the vertical reference plane was
secured.

In the coronary scan with three-point 2D angular
gauge the perpendicular running from the canine tip
to the vertical reference plane was drawn. With a 2D
gauge the distance between canine tip perpendicular
to the vertical reference plane was measured (Fig. 1).

2) Vertical distance between canine tip and the
occlusal plane (in mm)

Technique of measuring in OPG and generated
OPG scans

The perpendicular running from canine tip to the
occlusal plane was drawn [5]. The line of the occlusal
plane of the upper dental arch ran through maxillary in-
cisal edge and mesial cusp of the maxillary first molar.
The distance of canine tip was measured perpendicu-
larly to the occlusal plane with a millimeter 2D gauge
with the accuracy of 0.1 mm (Fig. 2).

Measurements in CBCT

The measurement was done in the coronary scan
after identification of impacted canine tip and setting
of the occlusal plane. Three-point 2D angle measure-
ment facilitated perpendicular running from the canine
tip to the occlusal plane. The right angle was drawn
aside and then it was transferred to the occlusal plane
(axially green plane) and ran through canine tip. With
a 2D gauge the distance between canine tip perpendi-
cular to the occlusal plane was measured (Fig. 3).

Statistical methods used
Repeatability of measurement was quantified with
technical error of measurement (TEM) according to

Obr. 3. Vertikalni vzdalenost hrotu $pi¢aku od okluzni roviny na
CBCT.
Fig. 3. Vertical distance between canine tip and the occlusal plane in
CBCT
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vozenou relativni chyba méreni (relative TEM, coeffi-
cient of variation CV). Opakovana méreni byla prove-
dena 2 mésice po prvnim méreni stejnym Iékarem na
10 nahodné vybranych pacientech [16, 17].

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) [18, 19].

Ke srovnani preciznosti méfeni dvou riznych méri-
cich technik byla pouzita metoda Bland-Altmanova
rozdilového grafu. Rozdilové grafy slouzi k postizeni
pripadného vztahu mezi velikosti priméru obou mé-
feni a velikosti rozdilll mezi nimi (proporéni chyba),
k nalezeni systematické chyby (bias) pfi srovnavani
dvou metod a k identifikaci odlehlych hodnot [18,
19]. Bland-Altman0v graf je x-y bodovy graf. Primér
opakovanych mérenije vynasen na osu x arozdily dvo-
jic méfeni na osu y. Horizontalni linky (na ose y) znaci
polohu prlimérného rozdilu mezi obéma mérenimi
(provadénymi za podminek reprodukovatelnosti nebo
podminek opakovatelnosti). Pokud se priimérny rozdil
liSi jen nepatrné od nuly, nejevi se u srovnavanych me-
tod nebo pozorovatelll systematicka chyba, v opac-
ném pripadé je mozno provést odhad jeji velikosti.

Dalsi dvé horizontalni linky se nazyvaji limity shody
opakovanych méreni. Poloha horniho a dolniho limitu
shody (upper and lower limit of agreement, ULOA,
LLoA) je urCena vzorcem:

ULOA, LLoA = idiff +1 ,96 X Sgiffs

kde: Xqir = prdmér rozdilll opakovanych meéreni,
Sqif = Smérodatna odchylka rozdill opakovanych mé-
feni, pficemz: sgirs = 1,96 x 1,41 X s, kde: s,, = sméro-
datna odchylka chyby opakovatelnosti (repeatability
error) a u dvou opakovanych méreni odpovida Dahl-
bergové TEM.

Limity shody se také nazyvaji koeficient opakovatel-
nosti (coefficient of repeatability, CR) pod zapisem:

o [Ea—
n—1

kde: d4 = prvni hodnota méfeni, d, = druha (opako-
vana) hodnota méreni téhoz jedince, n = poCet méreni.

Absolutni hodnota rozdilu mezi dvéma opakova-
nymi méfenimi téhoz jedince se v 95 % opakovanych
méreni bude nalézat pod limitem shody. Pokud je hod-
nota nalezenych limit(l shody v praxi akceptovatelna
jako hranice prijatelného (klinicky nebo vyzkumné ne-
vyznamného) rozdilu, Ize je pouzit jako miru reprodu-
kovatelnosti nebo opakovatelnosti méreni, v opacném
pripadé neni metoda spolehliva (méreni nejsou dosta-
te€né spolehlivé opakovatelna nebo reprodukova-
telna).
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Dahlberg and with the derived relative TEM (coefficient
of variation CV). Repeated measurements were taken
2 months after the first one by the same dentist in 10
randomly chosen patients [16, 17].

Reproducibility of measurement was quantified
with coefficient of repeatability (CR) according to
Bland and Altman together with graphic visualization
of the outcome with Bland-Altman plots [18, 19].

To compare accuracy of two different methods of
measurement Bland-Altman plot was used. The plots
represent the possible relationship between the mean
value of two measurements and the differences bet-
ween them (proportion error); they are used to find sy-
stematic error (bias) in comparison of two methods
and to identify outliers [18, 19]. Bland-Altman plot is
an x-y plot. The mean values of repeated measure-
ments are plotted on x axis and the differences bet-
ween two measurements on y axis. Horizontal lines
(on y axis) represent the position of the mean diffe-
rence between the two measurements (performed
under reproducibility or repeatability conditions). In
case the mean difference is only negligible the syste-
matic error is not found in the methods or observers
compared, otherwise it is possible to estimate its
range.

Another two horizontal lines are called limits of
agreement of repeated measurements. The upper
and lower limit of agreement (UIoA, LIoA) are expres-
sed with the formula :

ULOA, LLoA = idiff +1 ,96 X Sqiffs

where: Xqirs = mean difference of repeated measure-
ments, sqir = standard deviation of differences of re-
peated measurements, while: sqi = 1,96 x 1,41 x s,
where: s,, = standard deviation of repeatability error
and in two repeated mesurements it corresponds to
Dahlberg TEM.
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Obr. 4. Bland-Altman(v rozdilovy graf vzor.
Fig. 4. Bland-Altman plot (an example)
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Vysledky
Opakovatelnost méreni

Ve vSech pfipadech linearnich méfeni nepresahla
technicka chyba méreni 0,4 mm.

Relativni chyba méreni (koeficient variability, CV)
byla nejvétsi u méreni horizontalni vzdalenosti hrotu
Spicaku od vertikalni referencni roviny na CBCT (CV
= 4,76 %). Relativni chyba méfeni v rozsahu od 3 %
do 4 % byla zjisténa u méreni vertikalni vzdalenosti
hrotu Spi¢aku od okluzni roviny na OPG generovanych
z CBCT. Ve vSech ostatnich pfipadech nepresahla re-
lativni chyba méreni 3 %.

Reprodukovatelnost méreni

Reprodukovatelnost (reproducibility) méreni na di-
gitalnich rentgenogramech zhotovenych na digitalnim
orthopantomografu, méfeni na rengenogramech zho-
tovenych na CBCT a méfeni na digitalnich OPG gene-
rovanych z CBCT snimku byla kvantifikovana koefi-
cientem opakovatelnosti (coefficient of repeatability,
CR) podle Blanda a Altmana (tab. 2) spolu s grafickou
vizualizaci vystupu. Pro hodnoceni reprodukovatel-
nosti byli vyloucené 2 odlehlé hodnoty u vzdalosti
k vertikalni linii a 3 u vzdalenosti k okluzni roviné.

1. Horizontalni vzdalenost hrotu Spi¢aku od vertikal-
ni referenéni linie/ roviny na OPG a CBCT.

Horizontalni vzdalenost hrotu Spi¢aku od vertikalni

referencnilinie/ roviny na OPG a CBCT se ve statisticky
vyznamné mite (p <0.001) soustavné lisi mezi OPG ge-
nerovanym z CBCT oproti zobrazeni CBCT (soustavna
chyba 2.2 mm) i rentgenogramu pofizenému na 2D
(1.9 mm). Rentgenogramy pofizené na 2D OPG a na

Agreement limits are also called coefficient of re-
peatability (CR):

T (dp—dy)?
n—1

where: d¢ = the first value of measurement, d, = se-
cond (repeated) va;lue of measurement in the same in-
dividual, n = number of measurements.

An absolute value of the difference between two re-
peated measurements in one and the same patient will
be below the agreement limit in 95%. If the value of re-
cognized limits of agreement is acceptable in practice
as the limit of acceptable (clinically or scientifically ne-
gligible) difference, it can be used as the rate of repro-
ducibility or repeatability of measurement, otherwise
the method is not reliable (measurements are not suf-
ficiently reliably repeatable or reproducible).

Results
Measurement repeatability

In all linear measurements the technical error did not
extend 0.4 mm. Relative error of measurement (coeffi-
cient of variability, CV) was the largest in measurement
of horizontal distance between canine tip and vertical
reference plane in CBCT (CV = 4.76%). Relative error
of measurement within the interval 3% and 4% was
found in vertical distance between canine tip and
occlusal plane in OPG generated from CBCT. In all ot-
her cases relative error of measurement did not extend
3%.

Tab. 1. Opakovatelnost méreni polohy Spic¢aku na digitalnich rentgenogramech: technicka chyba méreni (technical error of measurement,

TEM) metodou dle Dalhberga.

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

berg.

mmVL GEN 10
CT 10
2D 10
mmOL GEN 10
CT 10

9.10 0.18 1.97
11.56 0.19 1.63
7.48 0.36 4.76
10.19 0.28 2.74
9.34 0.29 3.15
9.01 0.23 2.52

2D = digitalni rentgenogramy zhotovené na digitalnim OPG, digital radiographs made with digital OPG CT = rengenogramy zhotovené na
cone-beam CT, radiographs made with cone-beam CT, GEN = digitalni OPG generované z CBCT snimk; digital OPG generated from CBCT
scans; mmVL = horizontalni vzdalenost hrotu Spi¢aku od vertikalni referencni linie/ roviny, horizontal distance between canine tip and the
vertical reference plane/line, mmOL = vertikalni vzdalenost hrotu Spi€aku od okluzni roviny, vertical distance between canine tip and the
occlusal plane, TEM (SD) = technicka chyba mérfeni (TEM); technical error of measurement (TEM); CV (%) = koeficient variability (relative
TEM), coefficient of variability (relative TEM).
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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
e e
2D GEN 49 -188 247 -6.72 295 483 | 0.00
mmVL CT 2D 49 -032 226 -675 410 442 033
CT GEN 49 220 294 -796 3.56 576  0.00
2D GEN 48 0.11 1.51 -284 307 296 0.61
mmOL CT 2D 48 -0.72 162 -389 245 3.17  0.00
CT GEN 48 061 099 -255 134 1.95 0.00

2D = digitalni rentgenogramy zhotovené na digitalnim OPG, digital radiographs made with digital OPG, CT = rengenogramy zhotovené na
CBCT, radiographs made with cone-beam CT, GEN = digitalnich OPG generované z CBCT snimkU; digital OPG generated from cone-beam
CT, mmVL = horizontalni vzdalenost hrotu $pic¢aku od vertikalni referenéni linie/ roviny, horizontal distance between canine tip and the ve-
rtical reference plane/line, mmOL = vertikalni vzdalenost hrotu Spi¢éaku od okluzni roviny, vertical distance between canine tip and the occlu-
sal plane, Mean = priimér rozdill opakovanych méfeni, = mean differences of repeated measurements, SD = smérodatna odchylka rozdil{
opakovanych méreni, standard deviation of 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. 5. Bland-Altmandv rozdilovy graf pro reprodukovatelnost mé-
feni horizontalni vzdalenost hrotu Spic¢aku od vertikalni referenéni li-
nie/ roviny na 2D OPG a CBCT. Primér opakovanych méfenti je vy-
nasen na osu x a rozdily dvojic méfeni na osu y. Horizontalni linky (na
ose y) znaci polohu primérného rozdilu mezi obéma métenimi. Dalsi
dvé horizontalnilinky jsou limity shody opakovanych méfeni. Source
HK/OL pacienti Stomatologickeé kliniky UK a FN Hradec Kralové/pa-
cienti Kliniky zubniho Iékafstvi LF UP a FN Olomouc.

Fig. 5. Bland-Altman plot of reproducibility of measurements of ho-
rizontal distance between canine tip and the vertical reference line/
plane in 2D OPG and CBCT. The mean value of repeated mesure-
ments is plotted on x axis and the differences between two measu-
rements are plotted on y axis. Horizontal lines (on y axis) represent
the position of the mean difference between both measurements.
The other two horizontal lines represent limits of agreement of re-
peated measurements. (Source: HK/OL patients of Clinic of Stoma-
tology in Hradec Kralové/patients of the Clinic of Dentistry in Olo-
mouc.)
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Measurement reproducibility

Measurement reproducibility in digital roentgeno-
grams done in digital OPG, CBCT, and in digital OPG
generated from CBCT was expressed with coefficient
of repeatability (CR) according to Bland and Altman
(Table 2) together with graphic visualization of the out-
come. In reproducibility evaluation 2 outliers in the di-
stance to the vertical line and 3 outliers in the distance
to the occlusal plane were excluded.

1. Horizontal distance between canine tip and the
vertical reference line/plane in OPG and CBCT.

Horizontal distance between canine tip and vertical
referefence line/plane in OPG and CBCT is significantly
(p <0.001) and systematically differentin OPG generated
from CBCT and in CBCT (systematic error = 2.2 mm) as
well as in roentgenogram done in 2D (1.9 mm). Roentge-
nograms taken with 2D OPG and CBCT show negligible
systematic error of only 0.3 mm (p > 0.05).

Bland-Altman reproducibility coefficient was - after
two outliers were excluded - in the three methods wi-
thin the interval 4.4 mm - 5.8 mm.

With the increasing distance between canine tip and
the vertical reference plane the differences in measure-
ments done in OPG gererated from CBCT and other
scans tend to increase.

2. Vertical distance between canine tip and the
occlusal plane in OPG and CBCT

Vertical distance between canine tip and the occlusal
plane in OPG and CBCT is significantly and systemati-
cally different between CBCT scans and scans taken
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Obr. 6. Bland-Altmandv rozdilovy graf pro reprodukovatelnost mé-
feni horizontalni vzdalenost hrotu $pi¢aku od vertikalni referenéni li-
nie/ roviny na CBCT a generovaném OPG.

Fig. 6. Bland-Altman plot of reproducibility of measurements of ho-
rizontal distance between canine tip and the vertical reference line/
plane in CBCT and generated OPG.

CBCT vykazuji nevyznamnou soustavnou chybu jen
0.3 mm (p > 0.05).

Bland-Altmandv koeficient reprodukovatelnosti se po
vylouceni dvou odlehlych hodnot mezi vSemi tfemi meto-
dami zobrazeni pohyboval v rozmezi 4.4 mm - 5.8 mm.

S rostouci vzdalenosti hrotu Spi¢aku od vertikalni
referencni roviny se namérené rozdily mezi zobraze-
nimi na OPG generovanymi z CBCT a ostatnimi zobra-
zenimi mély tendenci zvétSovat.

2. Vertikalni vzdalenost hrotu Spi¢aku od okluzniro-

Obr. 7. Bland-Altman(v rozdilovy graf pro reprodukovatelnost mé-
feni horizontdlni vzdalenost hrotu $pi¢aku od vertikalni referenéni li-
nie/ roviny na 2D OPG a generovaném OPG.

Fig. 7. Bland-Altman plot of reproducibility of measurements of ho-
rizontal distance between canine tip and the vertical reference line/
plane in 2D OPG and generated OPG.

with 2D OPG (systematic error 0.7 mm, p<0.01) and ge-
nerated OPG (systematic error 0.6 mm, p <0.01). Roent-
genograms taken with 2D OPG and generated from
CBCT show negligible systematic error of only 0.1 mm
(p > 0.05). Bland-Altman reproducibility coefficient - af-
ter exclusion of three outliers - between all three me-
thods was within the interval 1.95 - 3.17 mm.

Discussion
Repeatability

viny na OPG a CBCT

Vertikalni vzdalenost hrotu Spi¢aku od okluzni ro-
viny na OPG a CBCT se ve statisticky vyznamné mire
soustavne lisi mezi zobrazenim z CBCT oproti zobra-
zeni pofizenych na 2D OPG (soustavna chyba
0,7 mm, p < 0.01) a generovaném OPG (soustavna
chyba 0,6 mm, p < 0.01). Rentgenogramy pofizené
na 2D OPG a generované z CBCT maji nevyznamnou
soustavnou chybu jen 0,1 mm (p > 0.05). Bland-Altma-
ndv koeficient reprodukovatelnosti se po vylouceni
trech odlehlych hodnot mezi v&emi tfemi metodami
zobrazeni pohyboval v rozmezi 1,95 - 3,17 mm.

Diskuse

Opakovatelnost

Ve vSech pfipadech linearnich méfeni nepresahla
technickd chyba méreni 0,4 mm. Mlzeme tedy fici,
ze opakovatelnost méfeni je velice dobra mezi OPG,
generovanym OPG a CBCT.

Relativni chyba méteni (koeficient variability, CV) byla
nejvétsi u méreni vzdalenosti hrotu Spi¢aku od vertikalni
referencni linie/roviny na CBCT (CV = 4,76 %). Vétsi
chyba méreni je dana urc¢enim vertikalniroviny, kvali nut-

230

Technical error of measurement did not exceed 0.4
mm in any linear measurements. Therefore, we can
conclude that the measurement repeatability is very
good for OPG, generated OPG, and CBCT.

Relative error of measurement (coefficient of varia-
bility, CV) was the largest in measurements of distance
between canine tip and the vertical reference line/
plane in CBCT (CV =4.76%). The more profound mea-
surement error is due to the vertical plane determina-
tion as more anatomical structures and more complex
plane must be expressed and taken into account.

Reproducibility

Tests of reproducibility of measurements proved
a good and clinically acceptable reproducibility of
measurements in radiographs done with different
techniques from the viewpoint of determination of po-
sition of impacted canines in relation to reference pla-
nes with linear dimensions.

In planar image a palatally impacted canine is farther
from the vertical plane in 2D OPG by 0.3 mm on average,
and in generated OPG by 2.2 mm on average than in
CBCT (Fig. 10). In generated OPG the imaging may be
affected by the process of scan generation - the di-
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Obr. 8. Bland-Altmandv rozdilovy graf pro reprodukovatelnost mé-
feni vertikalni vzdalenosti hrotu $pi¢aku od okluzni roviny na 2D
OPG a CBCT.

Fig. 8. Bland-Altman plot of reproducibility of measurements of ve-
rtical distance between canine tip and the occlusal plane in 2D OPG
and CBCT.

nosti postihnout vice anatomickych struktur a sloZzit&j-
Simu postizeni roviny. Chyba méreni v§ak nebyla Kli-
nicky vyznamna.

Reprodukovatelnost

Testy reprodukovatelnosti méreni na digitalnich
rentgenogramech prokazaly dobrou a klinicky akcep-
tovatelnou reprodukovatelnost méfeni mezi rentgeno-
gramy zhotovenymi rdznou technikou z hlediska
urceni polohy retinovanych $pi¢akd vici referenénim
rovindm pomoci linearnich rozmérd.

Palatinalné retinovany Spicak je na planarnim zo-
brazeni vzdalenéjsi od vertikalni roviny u 2D OPG pr(-
mérné o 0,3 mm a u generovaného OPG priimérné
0 2,2 mm nez na CBCT (obr. 10). U generovaného
OPG mize mit vliv na zobrazeni proces generace
snimku - vzdalenost ohniska pfi postizeni zakfiveni ob-
louku, ale taktéz i jeho rozvinuti do 2D. | kdyz Cattaneo
[20] tvrdi, ze OPG ziskané rekonstrukci z CBCT neni
zatizeno zvétSenim ani deformaci. Al - Ansari [21], ktery
porovnaval hodnoceni retinovanych $pic¢akd na CBCT
agenerovanéem OPG, nezjistil signifikantni rozdil v mé-
fenich vzdalenosti ke stfedni Care. Botticelli [23] taktéz
nezjistil signifikantni rozdil mezi OPG a CBCT. Dle stu-
die Haneyho [22] byla v hodnoceni meziodistalni po-
zice shoda mezi 2D a 3D 79%. Zjisténé rozdily vSak
jsou velmi malé, proto nejsou klinicky relevantni.

Vertikalni vzdalenost hrotu Spi¢aku od okluzni ro-
viny na OPG a CBCT se ve statisticky vyznamné mire
soustavneé liSi mezi zobrazenim z CBCT a zobrazeni
pofizenych na 2D OPG (soustavna chyba 0,6 mm,
p < 0.01). To je pravdépodobné zplsobeno odliSnym
zaznamenavanim roviny a linie okluze. Dle studie Ha-
neyho byla shoda mezi 7 hodnotiteli pfi méreni vertikal-
ni pozice hrotu $pi¢aku mezi OPG a CBCT 50 %. Vétsi
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Obr. 9. Bland-Altmandv rozdilovy graf pro reprodukovatelnost mé-
feni vertikalni vzdalenosti hrotu Spi¢aku od okluzni roviny na CBCT
a generovaném OPG.

Fig. 9. Bland-Altman plot of reproducibility of measurements of ve-
rtical distance between canine tip and the occlusal plane in CBCT
and generated OPG.
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Obr. 10. Bland-Altman(v rozdilovy graf pro reprodukovatelnost me-
fenivertikalni vzdalenosti hrotu $pic¢aku od okluzniroviny na2D OPG
a generovaném OPG.

Fig. 10. Bland-Altman plot of reproducibility of measurements of ve-
rtical distance between canine tip and the occlusal plane in 2D OPG
and generated OPG.

stance of focus during expression of the arch curvature,
as well as its developing into 2D. However, Catania [20]
states that OPG obtained by reconstruction from CBCT
does not reveal problems connected to magnification or
deformation. Al-Ansari [21] compared assessments of
impacted canines in CBCT and in generated OPG and
did not find any significant differences in measurements
of the distance to the midline. Botticelli [23] did not find
a significant difference between OPG and CBCT either.
According to Haney [22] the assessment of mesiodistal
position revealed 70% compliance between 2D and 3D.
Nevertheless, the differences found are too small, and
therefore not clinically relevant.
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Obr. 11. Soustavna chyba v reprodukovatelnosti méfeni horizontalni
vzdalenosti hrotu Spi¢aku od vertikalni referencni linie/roviny a od
okluzni roviny na digitalnich rentgenogramech.

Fig. 11. Systematic error in reproducibility of measurements of the
horizontal distance between canine tip and the vertical reference
line/plane and the occlusal plane in digital radiographs.

vertikalni vzdalenost od okluzniroviny na 2D rentgeno-
vych snimcich oproti CBCT potvrdil i Botticelli [23].
Jako pravdépodobnou pfi¢inu vidi horizontalni di-
storzi. Dle nazoru Chashu se $pic¢aky umisténé palati-
nalné budou projikovat vyse nez vestibularni kvili ne-
gativnimu sklonu -7° centralniho paprsku u OPG [24].
Rovnéz Al - Ansari [21] pfi porovnani generovaného
OPG a CBCT potvrdil vetsivertikalni vzdalenost retino-
vaného Spi¢aku od okluzni linie. Shoda metod byla ve
47,2 % pripadd méreni. Rozdilnost méteni taktéz pfipi-
suje zméné sklonu okluzni roviny v pribéhu genero-
vani OPG. Posun palatinalné retinovaného Spicaku
na planarni projekci o necely 1 mm dale od okluzni ro-
viny oproti 3D zobrazeni v8ak nema klinicky vyznam
(obr. 11).

Zavér

Pomoci testll opakovatelnosti méfeni se podafila
prokazat dobra a klinicky uspokojiva mira opakovatel-
nosti urceni polohy $pi¢akd pro vSechny sledované
typy rentgenogram( v linedrnich charakteristikach je-
jich polohy vici referenénim rovinam.

Testy reprodukovatelnosti méreni na digitalnich
rentgenogramech prokazaly dobrou a klinicky akcep-
tovatelnou reprodukovatelnost méfeni mezi rentgeno-
gramy zhotovenymi rlznou technikou z hlediska
ureni polohy retinovanych $pi¢akd vici referenénim
rovindm pomoci linearnich rozmérd.

Dvoudimenzionalni atrojdimenzionalni zobrazovaci
techniky jsou pro méreni linearnich parametrd pozice
retinovaného $Spi¢aku v klinické ortodoncii zaméni-
telné.

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

232

www.ortodonciejournal.cz

The vertical distance between canine tip and the
occlusal plane in OPG and CBCT is significantly diffe-
rent from CBCT and images taken with 2D OPG (syste-
matic error = 0.6 mm, p < 0.01). This is probably due to
different recording of the occlusal plane and line. Ac-
cording to Haney 7 evaluators measuring vertical posi-
tion of canine tip in OPG and CBCT agreed in 50%. In-
creased vertical distance from the occlusal plane in 2D
X-rays compared to CBCT was reported also by Botti-
celli [23]. This may be explained by horizontal distor-
sion. According to Chashu, palatally located canines
project higher than vestibular ones due to the negative
inclination (-7°) of the central beam in OPG [24]. In
comparison of OPG and CBCT Al-Ansari [21] also con-
firmed greater vertical distance of impacted canine
from the occlusal line. In 47.2% of measurements the
methods agreed. Al-Ansari explains differences in
measurements by the change of the occlusal plane in-
clination during OPG generation. However, the shift of
palatally impacted canine in planar projection by 1 mm
farther from the occlusal plane compared to 3D image
is not clinically significant (Fig. 11).

Conclusion

Tests of measurement repeatability proved a good
and clinically acceptable rate of repeatability of canine
position determination in linear parameters of their po-
sition in relation to reference planes in all kinds of ra-
diographic images compared.

Tests of reproducibility of measurements in digital
radiographs showed a good and clinically acceptable
reproducibility of measurements for determination of
impacted canines location in relation to the reference
planes.

In measurement of linear parameters of impacted
canine position 2D and 3D imaging methods are inter-
changeable in clinical orthodontics.

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