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SUMMARY: The incisors are a key factor in dental occlusion and dentofacial aesthetics; therefore, the sagittal position and
inclination of the incisors is a key parameter in diagnosis and orthodontic treatment planning. In some cases, the ortifiagkmntist
more than one cephalometric analysis, and thus different results can be obtained. The aim of this study was to estadptiektitie di
agreement among the different cephalometric measurements used to determine the anteroposterior position and the itfedination of
incisors. Lateral cephalometric radiograms of patients between 18 and 59 years old were measured (n=260). Digital cephalometric
measurements were made with Dolphin Imaging software, by a single calibrated operator. Here, a specific cephalometiasnalysis
designed in the software analysis editor. The results for each variable and each measurement were registered and cespared. Flei
Kappa statistical tests, Cohen's Kappa, and Kendall's coefficient were used to determine the strength of agreement oialy the Mi
software. The results showed diagnostic strength agreement between slight and moderate among measurements of the same variable.
This indicates that same diagnosis might not be obtained when using different approaches to measure the anteropostaiat positio
inclination of the incisors. It was concluded that there is a difference in the diagnosis between one measurement ardarsstiee b
results showed slight or moderate strength of agreement. However, in some cases, better agreement was found when thésmeasuremen
were compared as a function of the diagnostic response.
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INTRODUCTION

Cephalometry is a method of morphological an@n individualized treatment plan (de Sestaal, 2016).
descriptive diagnosis that provides relevant data aboGephalometry has been constantly improved over the last
skeletal and dentoalveolar malocclusions (Devertal, 50 years. It offers morphological and descriptive diagnosis
2011; Nielsen, 2011). Different authors have proposexs well as clinical applications to monitor patient growth.
various cephalometric measurements to establish the ndhis can help predict the outcomes of conventional and/or
mal parameters of the anteroposterior position and tlsargical treatment (Casado, 2002).
inclination of the incisors. Occasionally, conflicting results
can be obtained with different methods leading to different Cephalometry can differentiate between skeletal and
diagnoses (Pereda, 2013; Zametal, 2013; Herreros del dentoalveolar malocclusions. It highlights the spatial
Pozoet al, 2017; Guerreret al, 2018). relationships of the craniomaxillofacial complex at a given

moment and allows comparisons over time (Deveetax;

Cephalometry is routinely used during the completBittayapatet al, 2014). It studies the morphology of hard
orthodontic examination. It is used to diagnose and develapd soft structures present in the head; among the hard
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structures, there are the incisors, both upper and lower, Tdfe radiographs included were taken in the Radiology
which position and inclination can be established accordifi@gepartment of the School of Dentistry using the Orthoceph®
to their bone structures (Nielsen). 0OC200 D digital cephalometric radiography equipment
(Instrumentarium Dental Inc., Charlotte, USA). Dolphin
The incisors are a key factor in dental occlusion andhaging digital cephalometry software was used to measure
dentofacial aesthetics; therefore, the sagittal position atttk variables of the study. The digital images were stored in
inclination of the incisors is a fundamental parameter t computer exclusively designated for the study.
obtain the diagnosis and orthodontic treatment plan,
especially in dental extraction borderline cases (Gul-e-Erum The radiographs were subsequently digitally traced
& Fida, 2008; Devereurt al; Jabbakt al, 2016). When by asingle operator previously calibrated (Kappa> 0.85).
these positions and inclinations are excessive, they d@&mm each cephalogram, the result of the anteroposterior
usually accompanied by maxillary discrepancies that cgosition and inclination of the upper and lower incisors were
affect dental arches. recorded according to each studied cephalometric
measurement. Here, a specific cephalometric analysis was
There is some variability in the position of the incisorgreated within the Dolphin Imaging software (Dolphin
accordimg to their bone bases, which may limit therapeutibnmaging Systems LLC, Chatsworth, USA) including only the
biomechanics—especially for the lower incisors (Jabbal cephalometric measurements to be evaluated. The
al.). There are several methods to measure the sagittaphalometric landmarks, measurements, values, and specific
positions and the inclinations of the incisors on laterdeterminations of each variable are detailed in Table I.
cephalograms: The work of Steiner, Ricketts, McNamara,
Tweed, Downs, Jarabak, and Riedel are analyzed here. This The MINITAB software (Minitab, Inc., State
variability may be due to different causes associated wi@ollege PA, USA) was used to perform Fleiss's Kappa and
the cephalometry as well as the criteria used by each autBb@mhen's Kappastatistical analyses to determine the strength
to perform the cephalometric measurements (Naragbndof agreement between the different cephalometric analyzes.
al., 2012; Duracet al, 2013, 2015). Thus, the aim of thisKappa (K) values for concordance are reported in general
study was to determine the diagnostic agreement amaaugd for each diagnostic possibility (outcome). The strength
various cephalometric techniques that are used to measofeagreement for the Kappa values was established
the anteroposterior position and the inclination of thaccording to the valuation given by Landis & Koch (1977)
incisors. (Table II). The Kendall concordance coefficient was also
calculated and reported.

MATERIAL AND METHOD
RESULTS

This retrospective, observational, analytical, cross-
sectional study was carried out with prior approval by the Our cohort was 62.3 % females (n=162) and 37.7
Research Committee of the Faculty with registratioflo males (n=98). The strength of agreement was established
number SISTPROY FODO-2017-0004. The sample sizamong the results obtained from each analysis for each of
was determined based on a non-probabilistic method, a letlet variables. These results show that fair agreement was
of significance of 95 %, and a margin of error of 5 %. Thebtained (K=0.21) for the anteroposterior position of the
final sample consisted of 260 lateral cephalograms apper incisor. Moderate agreement was obtained (K=0.57)
patients aged 18 to 59 years. Radiographs of patients wibh the anteroposterior position of the inferior incisor. Fair
a complete medical history and complete permaneagreement was obtained (K=0.25) for the inclination of the
dentition were included. There were excluded poorlypper incisor. Fair agreement was obtained (K=0.40) for
projected radiographs and those with overlapping dfie inclination of the lower incisor. Table Il shows
structures as well as those that did not project the scakatistical analyses to determine the strength of the
rule. Radiographs of patients with any systemic diseaseagreement.
syndrome were also excluded.

Furthermore, the results of the cephalometric

Patient identification data such as medical historgneasurements were evaluated to determine the agreement
numbe, age, sex, date of birth, date of the lateral radiograpih, the diagnosis using Cohen's Kappa statistical test by
as well as lateral cephalograms were obtained from themparing the results between each pair of measurements
clinical history of the postgraduate Clinic of Orthodonticsfor each studied variable (Table V).
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Table I. Cephalometric measurements included in the study.
Variable Analysis Cephalometric measurement Diagnosis

Upper incisor position Steiner 1S to nasion — A point distance (1S-NA) Retrusion: <2 mm
Norm: 2 - 6 mm
Protrusion: > 6 mm
Ricketts A1 point to A-Pg plane distance (A1-APg) Retrusion: <2 mm
Norm: 2 - 5 mm
Protrusion: > 5 mm
McNamara 1S to A point perpendicular distance (1S-A perp) Retrusion: <4 mm
Norm: 4 - 6 mm
Protrusion: > 6 mm
Lower incisor position Steiner 1L to nasion — B point distance (1L-NB) Retrusion: <2 mm
Norm: 2 - 6 mm
Protrusion: > 6 mm
Ricketts B1 to A point— Pg plane distance (B1-APg) Retrusion: <-1 mm
Norm: -1 - 3 mm
Protrusion: > 3 mm
Upper Incisor Inclination  Steiner Upper incisor to nasion — A point angle (1S-NA) Retroclination: < 18°
Norm: 18° - 26°
Proclination: > 26°
Ricketts Upper incisor to nasion — pogonion angle (1S-NPg) Retroclination: < 24°
Norm: 24° - 32°
Proclination: > 32°
Schwarz Upper incisor to palatal plane angle (1S- PP) Retroclination: < 71°
Norm: 71° - 79°
Proclination: > 79°
Jarabak Upper incisor to sella — nasion angle (1S-SN) Retroclination: < 100°
Norm: 100° - 104°
Proclination: > 104°
Riedel Upper incisor to Frankfurt horizontal angle (1S-FH) Retroclination: < 112°
Norm: 112° - 120°
Proclination: > 120°
Lower Incisor Inclination  Steiner Lower incisor to nasion — B point angle (1I-NB) Retroclination: < 21°
Norm: 21°-29°
Proclination: > 29°
Ricketts Lower incisor to nasion — pogonion angle (B1B2-NPg) Retroclination: < 18°
Norm: 18° - 26°
Proclination: > 26°
Downs Lower incisor to occlusal plane angle (11- PO) Retroclination: < 11°
Norm: 11°-18°
Proclination: > 18°
Tweed Lower incisor to mandibular plane angle (IMPA) Retroclination: < 85°
Norm: 85° - 95°
Proclination: > 95°

Table Il. Strength of agreement according to the Kappa values.DISCUSSION

K appa vd ues Strength of agreement
0.810'_0820 Zﬁgrht The data show differences in diagnosis when different
0.21 —0.40 Fair cephalometric analysis approaches are used. No report has
041 —0.60 Moderate yet evaluated the strength of agreement in the determination
0.61-0.80 Substantial of the position and inclination of the incisors via different
0.81-1.00 Almost Perfedt cephalometric measurements. There are reports of diagnostic

agreement among the cephalometric analyses by different
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Table Ill. Strength of agreement and Kendall coefficient of studied variables.

Variable Matches Percentage Kappa Agreement Kendall
Upper incisor position 94 36.2 % Overall 0.21 Fair 0.66
Retrusion 0.23 Fair
Norm 0.15 Slight
Protrusion 0.27 Fair
Lower incisor position 209 80.4 % Overall 0.57 Moderate 0.82
Retrusion 0.36 Fair
Norm 0.54 Moderate
Protrusion 0.63 Substantial
Upper Incisor Inclination 54 20.8% Overall 0.25 Fair 0.63
Retroclination 0.47 Moderate
Norm 0.03 Slight
Proclination 0.30 Fair
Lower Incisor Inclination 112 43.1 % Overall 0.40 Fair 0.70
Retroclination 0.36 Fair
Norm 0.31 Fair
Proclination 0.50 Moderate

Table IV. Strength of agreement for cephalometric measurements determined by Cohen's Kappa.

Variable Analysis Matches Percentage Kappa A greement Kendall
Upper incisor position Steiner vs Ricketts 112 43.1 % 0.12 Slight 0.71
Steiner vs McNamara 178 68.5 % 0.41 Moderate 0.78
Ricketts vs McNamara 148 56.9 % 0.27 Fair 0.75
Upper Incisor Inclination Schwartz vs Steiner 185 71.2% 0.54 Moderate 0.84
Schwartz vs Ricketts 139 53.5% 0.27 Fair 0.74
Schwartz vs Jarabak 124 47.7 % 0.23 Fair 0.77
Schwartz vs Riedel 123 47.3 % 0.27 Fair 0.79
Lower Incisor Inclination Tweed vs Ricketts 182 70.0 % 0.48 Moderate 0.82
Tweed vs Downs 164 63.1 % 0.34 Fair 0.80

authors for other cephalometric variables. For exampl&fiio & Arango (2000) studied 15 patients and compared the
Qamaruddiret al (2018) compared the cephalometric valueSteiner and Sassouni analyzes for the diagnosis of skeletal
of the ANB angle, Wits, Beta angle, W angle, and Yen angtdass. They found that the two methods were discordant in
in 2017. They employed an analysis of the variandbeir results; nevertheless, the results were not statistically
(ANOVA) and found a statistical difference among alkignificant because the sample number of his work was
measured values of the skeletal classes determinedrbguced. Thus, their conclusions may not be representative.
different analyses (p<0.001). They also found that all the
analyses were equally reliable for the diagnosis of skeletal In 2017, Herreros del Pozet al evaluated the
classes since a statistically significant correlation was fouagreement among different cephalometric measurements.
between skeletal classes and all sagittal cephalometilibey related the skeletal class values defined by Ricketts,
analyses performed. In contrast to Qamaruddlial, this Steiner, and McNamara as well as the agreement among
work showed agreement in the diagnostic results of tllarabak's facial biotype values with the Steiner and Ricketts
cephalometric measurements but not their numerical valuapproach. This paper reported a slight agreement in both
skeletal and facial biotype classes. However, cephalometric
A study by Burgos (2016) evaluated 127 laterahnalyses have a higher strength of agreement with Steiner
cephalograms and obtained a moderate agreement betwaedh Ricketts.
the ANB angle, the Witts, and the USP projection. Acufia
Diaz & Chévez Sevillano (2011) reported slight agreement Astudy by Ahmecbt al (2018) assessed the strength
between the ANB angle and the USP projection. In anothef agreement among cephalometric measurements for
study, Pereda Santos (2013) obtained a moderate agreenteermining the maxillo-mandibular sagittal relationship.
between the ANB angle and the USP projection. Marin CaBhey used a similar methodology than used in the present
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study, performing kappa analyses to compare results of 18is0s, el ortodoncista utilizara mas de un andlisis cefalométrico y,
lateral radiographs, finding a substantial strength &Pr lo tanto, se pueden obtener resultados diferentes. El objetivo de
agreement among the different analyses. este estudio fue establecer el acuerdo de diagndstico entre las dife-
rentes mediciones cefalométricas utilizadas para determinar la po-
sicion anteroposterior y la inclinacion de los incisivos. Se midieron
radiografias cefalométricas laterales de pacientes entre 18 y 59 afios
(n = 260). Las mediciones cefalométricas digitales se realizaron con
el software Dolphin Imaging, por un solo operador calibrado. Aqui,
se disefid un analisis cefalométrico especifico en el editor de anali-
According to the Kappa values obtained from theis de software. Los resultados para cada variable y cada medicion
statistical analysis performed, the results showed slight $e registraron y compararon. Las pruebas estadisticas Kappa de
moderate diagnostic agreement among the cephalomefrigiss, Kappa de Cohen y el coeficiente de Kendall se usaron para

measurements used to determine the sagittal position Algterminar la fuerza del acuerdo utilizando el software Minitab. Los

the inclination of the upper and lower incisors. These findingﬁ%su'tados mostraron un acuerdo de fuerza diagndstica entre leve y
oderado entre las mediciones de la misma variable. Esto indica

indicate that the results obtained from the same patient M§0e no se puede obtener el mismo diagnodstico cuando se utilizan

vary as a function of the cephalc_)metrlc measuremegﬁerentes enfoques para medir la posicion anteroposterior y la in-
approach. However, there was a slightly better agreemefacisn de los incisivos. Se concluyé que existe una diferencia en
among cephalometric measurements when they wedgiiagndstico entre una medicién y otra porque los resultados mos-
analyzed for each possible diagnostic outcome, and whieron una fuerza de acuerdo leve o moderada. Sin embargo, en al-
were analyzed by pairs. This study included a sufficiegtinos casos, se encontré un mejor acuerdo cuando se compararon
number of subjects to make the findings conclusive. las mediciones en funcién de la respuesta de diagnostico.

CONCLUSIONS
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