
Abstract
Objectives: 1) To determine the diagnostic agreement of five cephalomet-
ric indicators of skeletal class and four of facial biotype through Cohen’s 
weighted kappa test, and 2) to compare these results with those obtained after 
applying Cohen’s weighted Chi-square test.
Material and methods: In a sample of 439 lateral teleradiographs, the skeletal 
class indicators (ANB angle, APDI, FABA angle, Wits indicator, and Beta angle) 
and facial biotype indicators (FMA, skull base angle, Björk–Jarabak polygon, 
and VERT index) were determined. Diagnostic concordance between them was 
assessed using Fleiss’ kappa, Cohen’s weighted kappa, and Cohen’s weighted 
Chi-square tests.
Results: Statistically significant differences were observed in both skeletal 
class and facial biotype diagnoses. While, according to Cohen’s weighted kappa 
test, most agreements between skeletal class and facial biotype indicators were 
“Fair” or “Moderate,” Cohen’s weighted Chi-square test revealed highly signif-
icant discordance in most comparisons, with negative values in Fleiss’ kappa, 
indicating a systematic absence of concordance when all indicators were con-
sidered simultaneously.

Fleiss’ kappaskeletal class = −0.0714, z = −1.46, p = 0.143 
Fleiss’ kappafacial biotype = −0.0909, z = −1.28, p = 0.201

The clinical relevance of these findings lies in the fact that diagnosis forms 
the foundation of proper clinical practice.
Conclusion: 1) When analyzing diagnostic agreement of the five skeletal class 
indicators and the four facial biotype indicators, significant differences were 
found among them – a result consistently supported by Cohen’s weighted Chi-
square test. 2) Regarding the statistical tests to be used in assessing the 
significance level of diagnostic agreement, it is recommended to consider: 
(i) for two evaluators without extreme discrepancies, use the “classical” 
Cohen’s kappa test; (ii) for two evaluators with extreme discrepancies, use Co-
hen’s weighted kappa test; and (iii) for more than two evaluators, use Cohen’s 
weighted Chi-square test.
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Resumo
Objectivos: 1) determinar a concordância diagnós-
tica de cinco indicadores cefalométricos de classe 
esquelética e quatro de biótipo facial, através do teste 
kappa ponderado de Cohen, e 2) comparar estes resul-
tados com os obtidos após a aplicação do teste Qui-qua-
drado ponderado de Cohen. 
Material e métodos: Numa amostra de 439 telerradio-
grafias laterais, foram determinados os indicadores da 
classe esquelética (ângulo ANB, APDI, ângulo FABA, in-
dicador Wits e ângulo beta) e do biótipo facial (FMA, ân-
gulo da base do crânio, polígono Bjork Jarabak e índice 
VERT). A concordância diagnóstica entre eles foi avalia-
da através dos testes kappa de Fleiss, kappa ponderado 
de Cohen e qui-quadrado ponderado de Cohen. 
Resultados: Foram observadas diferenças estatistica-
mente significativas no diagnóstico da classe esqueléti-
ca e do biótipo facial. Enquanto no teste kappa ponde-
rado de Cohen, a maioria das concordâncias entre os 
indicadores da classe esquelética e do biótipo facial foi 
“Ligeira” ou “Moderada”, o teste Qui-quadrado ponde-
rado de Cohen mostrou discordâncias altamente sig-
nificativas na maioria das comparações, com valores 
negativos do teste kappa de Fleiss, indicando a ausên-
cia sistemática de concordância ao considerar todos os 
indicadores simultaneamente. 

kappa de Fleiss classe esquelética=  -0.0714, z = -1.46,  p-value = 0.143  
kappa de Fleiss biótipo facial= -0.0909, z = -1.28, p-value = 0.201

Conclusões: 1) Ao estudar a concordância diagnós-
tica de os cinco indicadores de classe esquelética e os 
quatro indicadores de biótipo facial, foram encontra-
das diferenças significativas entre eles, um resultado 
consistentemente apoiado pelo uso do teste estatísti-
co qui-quadrado ponderado de Cohen, e 2) Em relação 
aos testes a serem utilizados para conhecer o nível de 
significância estatística da concordância diagnóstica, 
recomenda-se levar em conta: (i) para dois avaliado-
res sem discordância extrema, utilizar o teste kappa de 
Cohen “clássico”, (ii) para dois avaliadores com discor-
dância extrema, o teste kappa de Cohen ponderado, ou, 
(iii) para mais de dois avaliadores, o teste Qui-quadrado 
de Cohen ponderado.

Resumen
Objetivos: 1) determinar la concordancia diagnóstica 
de cinco indicadores cefalométricos de clase esque-
letal y cuatro de biotipo facial utilizando la prueba de 
kappa ponderada de Cohen, y 2) comparar estos resul-
tados con los obtenidos después de aplicar la prueba de 
Ji2 ponderada de Cohen. 
Material y métodos: En una muestra de 439 telerra-
diografías laterales, se determinaron los indicadores 
de clase esqueletal (ángulo ANB, APDI, ángulo FABA, 
indicador de Wits y ángulo beta) y biotipo facial (FMA, 
ángulo de la base de cráneo, polígono de Bjork Jarabak e 
índice VERT). La concordancia diagnóstica entre ellos se 
evaluó mediante las pruebas de kappa de Fleiss, kappa 
de Cohen ponderado y Ji2 ponderada de Cohen.
Resultados: Se observaron diferencias estadísticamen-
te significativas tanto en el diagnóstico de la clase esque-
letal como del biotipo facial. Mientras que en la prueba 
ponderada de kappa de Cohen, la mayoría de las concor-
dancias entre los indicadores de clase esqueletal y bio-
tipo facial fueron “Leves” o “Moderadas”, la prueba de Ji2 
ponderada de Cohen mostró una discordancia altamen-
te significativa en la mayoría de las comparaciones, con 
valores negativos de la prueba de kappa de Fleiss, in-
dicativos de la ausencia sistemática de concordancia al 
considerar todos los indicadores a la vez.

kappa de Fleissclase esqueletal=  -0.0714, z = -1.46,  p-value = 0.143  
kappa de Fleissbiotipo facial= -0.0909, z = -1.28, p-value = 0.201 

La importancia clínica de estos resultados reside en 
que el diagnóstico está en la base de una correcta prác-
tica clínica.
Conclusión: 1) Al estudiar la concordancia diagnóstica 
de los cinco indicadores de clase esqueletal y los cuatro 
de biotipo facial, se encontraron diferencias significa-
tivas entre ellos, resultado avalado consistentemente 
con uso de la prueba estadística Ji2 ponderada de Cohen  
y 2) En relación con las pruebas que se deben utilizar 
para conocer el nivel de significancia estadística de la 
concordancia diagnóstica, se recomienda tener en cuen-
ta: i) si se trata de dos evaluadores sin discordancias ex-
tremas, utilizar la prueba kappa de Cohen “clásica”, ii) de 
dos evaluadores con discordancias extremas, la prueba 
kappa ponderada de Cohen, o, iii) de más de dos evalua-
dores, la prueba de  Ji2 ponderada de Cohen.
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Introduction and 
background
Skeletal class is defined as the sagittal relationship be-
tween the maxilla and the mandible(1) and is divided 
into three categories: Class I, Class II, and Class III. In ad-
dition, facial biotype is defined as the set of morpho-
differential characteristics that determine the vertical 
component of craniofacial morphology and allow for an 
understanding of the functional behaviors and specif-
ic therapeutic needs of each biotype.(2–4) Three types are 
described in the literature: brachyfacial (or hypodiver-
gent), mesofacial (or normodivergent), and dolichofacial 
(or hyperdivergent).(5–7)

In both cases (i.e. skeletal class and facial biotype), 
cephalometrics –a tool based on the measurement of 
linear and angular distances in cranial teleradiographs– 
is routinely used for their determination. Although a 
wide variety of cephalometric indicators have been pro-
posed to classify skeletal class and facial biotype, there 
is no universally accepted or “gold standard” indica-
tor.(8–14) For clinical purposes, these indicators are ex-
pected to show a high level of diagnostic concordance, 
so that the results obtained remain consistent regard-
less of the indicator used. Another aspect to consider 
is that, over time, new indicators have been proposed 
to overcome the limitations of previous ones. For ex-
ample, regarding skeletal class, Jacobson suggested 
that the ANB angle may be misinterpreted depending 
on the position of the cephalometric Nasion point,(9,15) 
recommending the use of Downs points A and B in re-
lation to the occlusal plane for sagittal evaluation of 
the maxillomandibular relationship.(9) However, high 
variability and occasional difficulty in determining this 
latter method due to the occlusal plane have also been 
reported.(16) Meanwhile, the creators of the FABA an-
gle(17) found high variability in the APDI and Wits in-
dicators among normal occlusions, questioning their 
validity and suggesting the FABA angle as preferable to 
other indicators. Finally, according to the authors of the 
Beta angle, the advantage of their proposal is that it 
does not depend on cranialreferences, occlusal stabili-
ty, or mandibular rotation.(8With respect to facial bio-
type, the following indicators have been proposed: 
the summation of the Björk–Jarabak polygon (JBK),(12) 
the Frankfurt–mandibular plane angle (FMA),(13) the 
skull base angle (BSCR)(11) and mandibular plane 
(SN-GoGn),(14) and the Ricketts VERT.(18) 

Due to this large number of proposals, each indicator 
represents a partial and independent solution, diverging 
from an ideal clinical concordance.

Regarding the evaluation of diagnostic agreement be-
tween different evaluators (indicators), Cohen’s kappa 
test(19) has been traditionally used since its develop-
ment.(20) Despite its popularity, this test does not ac-
count for extreme discrepancies and is recommended 
only when no significant differences between assessors 
(indicators) are observed. Taking this into consider-
ation, Cohen subsequently proposed a statistical test 
that accounted for the weight of extreme discordanc-
es,(21) as well as a weighted Chi-square test(22) for cases 
involving more than two assessors (indicators). Given 
that the level of concordance between the aforemen-
tioned cephalometric indicators is low,(23–25) the present 
study aims to: 1) determine the diagnostic concor-
dance between them using the weighted kappa test,(21) 
and 2) compare these results with those obtained af-
ter applying the weighted Chi-square test,(22) thereby 
contributing to the improvement of clinical practice in 
orthodontics.

Materials and Methods
A sample consisting of 439 lateral teleradiographs (275 
females and 164 males) was obtained from an ano-
nymized database of patients over 18 years of age, with 
no history of orthodontic, orthopedic, or maxillofa-
cial surgical treatment, and with adequate image res-
olution for the identification of cephalometric points. 
For each radiograph, the following skeletal class indi-
cators were determined: ANB angle, APDI, FABA an-
gle, Beta angle, and Wits indicator; the latter grouping 
the sex variable due to the absence of statistically sig-
nificant differences between females and males 
(Chi-square test: χ² = 0.313, p (no association) = 0.855, 
df = 2) (Table 1, Figure 1), a finding recently corroborat-
ed by other authors.(26) Regarding facial biotype, the 
following indicators were used: the summation of the 
Björk–Jarabak polygon (JBK),(12) the Frankfurt–man-
dibular plane angle (FMA),(13) the skull base angle and 
mandibular plane (BSCR),(14) and the Ricketts VERT(18,27) 

(Table 2, Figure 2). All these indicators were deter-
mined using the WebCeph V1.5.0 platform.(10)
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Table 1. Definition of skeletal class indicators used in this study and their respective classification values. (A = Point A, 
B = Point B, C = Center of the condyle)

Indicator Definition Class I Class II Class III References

ANB Angle formed by the in-
tersection of the lines 
Nasion - A and Nasion - B.

0° - 4° > 4° < 0° (Steiner and Hills, 
1953)

Wits 
indicator

Distance between  the 
perpendicular lines to 
the occlusal plane pro-
jected from Point A and 
Point B.

−3 mm to 1 mm 
(males), −2 mm to 2 
mm (females)

>1 mm (males), >2 
mm (females)

<−3 mm (males), 
<−2 mm (females)

(Jacobson, 1975)

APDI	 Sum of the facial (Fh/
NPg), palatal plane/
Frankfurt plane (PP/Fh), 
and AB plane (AB/NPg) 
angles.

78°–84° < 78° > 84° (Kim and Vietas, 
1975)

FABA Angle formed by the 
intersection of the 
Frankfurt plane and the 
AB plane.

78°–83° < 78° > 83° (Yang and Suhr, 
1995)

Beta Angle formed by the in-
tersection of the perpen-
dicular line A–CB and the 
AB plane.

27°- 34° < 27° > 34° (Baik and 
Ververidou, 2004)

Figure 1. Indicators used in this study to determine skeletal class. 
A) ANB    B) APDI    C) Beta    D) Wits    E) FABA

A B C

D E
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Table 2. Definition of the facial biotype indicators used in this study and their respective classification values.

Cephalometric 
Indicator Definition Brachyfacial Mesofacial Dolichofacial References

FMA Angle Intersection between 
the Frankfurt plane 
(Po–Or) and the man-
dibular plane (Go–Me).

≤ 20° Between 20° 
and 28°

> 28° (Tweed, 1946)

Skull base angle 
(BSCR)

Angle formed by the 
S–N plane and the Go–
Gn plane.

≤ 26° Between 26° 
and 38°

> 38° (Steiner and 
Hills, 1953)

Sum of the Björk–
Jarabak polygon 
(JBK)

Sum of the angles 
formed by the points 
Na–S–Ar–Go–Me.

≤ 390° Between 390° 
and 402°

> 402° (Rodríguez et 
al., 2014)

VERT Includes: facial axis 
(Ba–Na; Pt–Gn), facial 
depth (Po–Or; Na–Pg), 
mandibular plane (Po–
Or; Go–Gn), lower facial 
height (ENA–Xi–Pm), 
and mandibular arch 
(DC–Xi–Pm).

≥ 0.5 Between −0.5 
and 0.5

≤ -0.5 (Ricketts, 1982)

As a measure of agreement between the different indi-
cators, Fleiss’ kappa test (1971)(28) and Cohen’s weight-
ed kappa test (21) were used in this study. These analyses 
were performed in the RStudio interface of the RStudio 
Integrated Development Environment for R(29), using 
the packages “irr”(30) and “vcd”(31), respectively. The lev-
el of agreement was categorized according to the no-
menclature established by Landis and Koch:(32)  
<0 = Weak;   0–0.20 = Slight;   0.21–0.40 = Fair;  
0.41–0.60 = Moderate;   0.61–0.80 = Substantial;  
0.81–1.00 = Almost perfect. Furthermore, considering 
the multivariate nature of our data, based on Cohen’s 
1972 proposal,(22) a weighted Chi-square test was ap-
plied, providing a specific significance value for each 
unit of analysis (i.e., skeletal classes I, II, and III, as well 
as the facial biotypes dolichofacial, mesofacial, and 
brachyfacial, each with their respective p values). Fleiss’ 
kappa test complements Cohen’s weighted Chi-square 
test, as it determines the degree of agreement among all 
evaluators (or indicators) simultaneously, rather than 
separately for each pair of evaluators (or indicators). 
When the Fleiss kappa value equals 1, total agreement 
is present; when it equals 0, agreement corresponds to 
that expected by chance; and when negative, it indicates  
complete disagreement among evaluators (or indica-

tors). This approach overcomes the limitations of both  
the unweighted and weighted Cohen’s kappa tests,(19,21) 
which are restricted to a single pair of evaluators (indi-
cators). In all statistical analyses, an alpha of 5% was 
used as the cutoff for the p value.

Results
After applying the corresponding cephalometric indi-
cators, significant diagnostic differences were found 
for both skeletal class and facial biotype.

SKELETAL CLASS
The ANB angle, APDI, and Wits indicator showed a high-
er frequency of Class II individuals, while the FABA an-
gle revealed a higher frequency of Class III individuals. 
In contrast, the Beta angle showed a higher number of 
Class I individuals (Figure 3).
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D) VERT, composed of: 
(1) Facial axis  (2) Facial depth  (3) Mandibular plane  (4) Lower facial height, and  (5) Mandibular arch.

A) FMA   B) Skull base angle   C) Björk–Jarabak polygon   

Figure 2. Cephalometric indicators used in this study to determine facial biotype. 

A

D

B

C

1

4 5

2 3



Vol XXVIII - Nº47 / Enero - Junio 2026 

INVESTIGATIONOdontoestomatología

7

Regarding the diagnostic concordance obtained using 
Cohen’s weighted kappa test (Table 2, upper diagonal), 
most concordances were fair or moderate. The high-
est concordance was between the APDI indicator and 
the FABA angle (0.55 = Moderate), whereas the lowest 
was between the ANB angle and the FABA angle (0.19 = 
Slight). In contrast, the weighted Chi-square test showed 

highly significant differences in most comparisons be-
tween the indicators (Table 3, lower diagonal). This 
result was corroborated by Fleiss’ kappa test 

(Kappa = −0.0714, z = −1.46, p (no concordance) = 0.143).

Figure 3. Frequency of skeletal class according to each skeletal class indicator separately (definitions in text).

The asterisk (*) indicates total agreement (absence of differences) when each indicator is compared with itself.

Table 3. Level of agreement between skeletal class indicators using Cohen’s weighted kappa test(21) (upper diagonal) 
and weighted Chi-square test(22) (lower diagonal) (p < 1E−02, in bold). 

Indicator Skeletal class ANB Wits APDI FABA Beta

ANB I
*

0.34
Fair

0.29
Fair

0.19
Slight

0.28
Fair

II
III

Wits I 8.27E-01
*

0.47
Moderate

0.35
Fair

0.46
Moderate

II 2.24E-06
III 3.34E-08

APDI I 9.41E-01 7.70E-01
*

0.55
Moderate

0.5
Moderate

II 5.70E-09 2.65E-01
III 4.61E-12 1.45E-01

FABA I 6.00E-03 3.03E-03 7.47E-03
*

0.43
Moderate

II 1.05E-09 1.63E-01 7.78E-01
III 2.83E-21 3.22E-05 6.68E-03

Beta I 1.53E-07 4.80E-07 1.03E-07 2.60E-15
*II 2.46E-24 1.85E-08 5.76E-06 2.07E-05

III 6.33E-09 7.67E-01 2.46E-01 1.11E-04

0
ANB

135
(31%)

244
(55%)

60
(14%)

Wits

138
(31%)

174
(40%)

127
(29%)

APDI

134
(31%)

158
(36%) 147

(33%)

FABA

99
(22%)

154
(35%)

186
(42%)

Beta

211
(48%)

97
(22%)

131
(30%)

100

200

300

 Class I   Class II   Class III
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FACIAL BIOTYPE
The four cephalometric indicators of facial biotype an-
alyzed in this study showed a higher frequency of me-
sofacial individuals compared with brachyfacial and 
dolichofacial individuals (Figure 4). These differences 
were statistically significant (weighted Chi-square test 
with Bonferroni-corrected p-values in the observed vs. 
expected proportions of each facial pattern). For the JBK 
indicators (all facial patterns: 

pBrachy = 3.02E−03, pMeso = 1.28E−16, pDolicho = 2.63E−09) 

and BSCR (all facial patterns: 

pBrachy = 6.89E−13, pMeso = 2.06E−18, pDolicho = 1.59E−02).

In the case of FMA, two of the three facial patterns 
showed statistically significant differences 

(pBrachy = 2.04E−11, pMeso = 7.36E−05, pDolicho = 5.78E−01),

200

300

100

0
JBK

100
(23%)

272
(62%)

67
(15%)

FMA

59
(13%)

210
(48%)

170
(39%)

BSCR

54
(12%)

279
(64%)

106
(24%)

VERT

134
(31%)

155
(35%)

150
(34%)

whereas the VERT indicator did not show such differ-
ences in any of the three types of facial patterns

(pBrachy = 3.72E−01, pMeso = 5.38E−01, pDolicho = 7.94E−01).

Regarding the diagnostic concordance obtained using 
Cohen’s weighted kappa test (Table 4, upper diagonal), 
the concordances were fair and moderate. The high-
est agreement was between the JBK and BSCR indica-
tors (0.59 = Moderate), while the lowest was between 
the BSCR angle and the VERT indicator (0.36 = Fair). In 
contrast, the weighted Chi-square test showed highly 
significant differences in most comparisons between in-
dicators (Table 4, lower diagonal). This result was cor-
roborated by Fleiss’ kappa test 
(Kappa = −0.0909, z = −1.28, p (no concordance) = 0.201).

Figure 4.  Frequency of facial biotype according to each cephalometric indicator separately (definitions in text).

 Brachyfacial   Mesofacial   Dolichofacial
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Table 4. Level of agreement between cephalometric indicators of facial pattern using Cohen’s weighted kappa test(21) 
(upper diagonal) and weighted Chi-square test(22) (lower diagonal) (p < 1E−02, in bold).

Indicator Facial biotype JBK FMA BSCR VERT

JBK Brachifacial

*
0.35

Slight
0.59

Moderate
0.45

Moderate
Mesofacial

Dolichofacial

FMA Brachifacial 3.27E-04

*
0.40

Moderate
0.46

Moderate
Mesofacial 2.61E-05

  Dolichofacial 4.87E-15

BSCR Brachifacial 4.46E-05 6.14E-01

*
0.36

Slight
Mesofacial 6.25E-01 2.76E-06

Dolichofacial 9.37E-04 3.28E-06

VERT Brachifacial 9.45E-03 9.83E-10 4.65E-11

*Mesofacial 2.79E-15 1.66E-04 5.76E-17

Dolichofacial 8.37E-11 1.61E-01 1.08E-03

Discussion
This study evaluated the diagnostic agreement between 
five cephalometric skeletal class indicators and four fa-
cial biotype indicators. The sample, consisting of 439 
lateral skull teleradiographs, encompassed a wide spec-
trum of craniofacial morphological variability, allowing 
a representative analysis of the study population. Our 
results showed significant variability in the diagnoses 
obtained for both skeletal class and facial biotype when 
applying the different cephalometric indicators. This 
finding is consistent with previous studies that have re-
ported discrepancies in diagnostic classification when 
using different cephalometric methodologies.(33–35)

To assess the consistency between cephalometric 
indicators of skeletal class and facial biotype, two sta-
tistical strategies were used. First, Cohen’s weighted 
kappa test(21) was applied, which showed concordance 
levels mainly between the fair and moderate ranges, in 
contrast to the high discordance observed in the ceph-
alometric diagnoses (Figure 3 and Figure 4). It is note-
worthy that the weighted Chi-square test(22) accurately 
reflected this diagnostic discordance in both analyses. 
The discrepancy between these two statistical tests 
underscores the importance of complementing con-
cordance analyses with methodologies of sufficient 
precision to detect the variability inherent in patients’ 
cephalometric classification systems.

The asterisk (*) indicates total agreement (absence of differences) when each indicator is compared against itself.

Accordingly, the results of this study suggest that the 
cephalometric indicators commonly used in clinical 
practice may be insufficient to accurately characterize 
craniofacial morphological variability, as there is no sin-
gle diagnostic standard that allows unequivocal clas-
sification of either skeletal class or facial biotype. We 
believe that this limitation arises because traditional 
cephalometry, due to the linear nature of its data (points 
and angles), does not fully capture the complexity of the 
craniofacial complex, resulting in a significant loss of 
spatial information (36,37). In this context, our findings are 
relevant not only from a methodological standpoint but 
also from a clinical perspective.

Clinically, the relevance of our findings lies in the fact 
that, in orthodontic diagnosis, the cephalometric indi-
cators commonly used are insufficient to describe the 
morphological variation observed in patients. In oth-
er words, there is no optimal (“gold standard”) indica-
tor capable of achieving accurate classification,(38) which 
may be attributed to the loss of geometric information 
caused by reducing craniofacial analysis to a limited set 
of cephalometric points used in each indicator.(36,37) For 
this reason, in recent decades, geometric morphome-
try tools, defined as the statistical analysis of shape and 
its covariation with other variables, have been intro-
duced into the dental field.(39) This approach has been 
proposed as a complementary tool for dento-skeletal di-
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agnosis,(33,35,40) offering an alternative to the traditional 
cephalometric indicators used to diagnose skeletal class 
by capturing the intrinsic pattern of craniofacial mor-
phological variation.

From a clinical standpoint, the correct identification 
of craniofacial morphology is a fundamental pillar of or-
thodontics, especially in growing patients, where an ac-
curate diagnosis enables early intervention and optimal 
guidance of skeletal development. The lack of diagnostic 
concordance among the different indicators represents 
a major challenge in therapeutic planning, increasing 
the risk of misinterpretation that may adversely affect 
clinical decision-making.

Second, the variability in diagnostic classification 
found in this study, for both skeletal class and facial bio-
type, has methodological implications for orthodontic 
research. Numerous studies compare different char-
acteristics of craniofacial morphology between groups 
classified according to skeletal class or facial biotype, as-
suming that the indicators used are reliable and repro-
ducible.(41–43) However, if the criteria used to segment 
these groups are based on indicators with low concor-
dance, the conclusions drawn from such studies may 
present important limitations.

Our results highlight that classifying patients with 
heterogeneous skeletal characteristics within the same 
study group represents an important problem in ortho-
dontic research. For example, grouping Class II dolicho-
facial patients with Class II brachyfacial patients could 
introduce bias in the interpretation of results, since cra-
niofacial morphology is determined by a simultaneous 
interaction between skeletal class and facial biotype.(5) 

In this sense, any analysis that does not consider both 
variables together could compromise the internal valid-
ity of studies and limit the applicability of their findings 
in clinical practice.

Given this scenario, it is imperative to develop more 
precise and discriminant diagnostic tools, such as geo-
metric morphometry.(35) This methodology, defined as 
the statistical analysis of the components of shape and 
size and their covariation with other variables, allows 
a more comprehensive evaluation of craniofacial mor-
phology, avoiding the limitations imposed by traditional 
cephalometric approaches.(33)

In summary, the results of this study reveal the di-
agnostic discrepancies that exist among the different 
cephalometric indicators used to classify skeletal class 
and facial biotype. This lack of concordance represents a 
problem both in clinical practice and in orthodontic re-
search, underscoring the need to explore new analytical 
tools to improve accuracy and consistency in craniofa-
cial diagnosis.

Conclusions
1) When assessing diagnostic concordance of the five skeletal class indicators and the 
four facial biotype indicators, significant differences were found in the diagnoses obtained 
when applying them in cephalometric analysis, and 2) Regarding the tests that should be 
used to determine the level of statistical significance of diagnostic concordance, the results 
suggest the following: (i) for two evaluators without extreme discordance, use the “classical” 
Cohen’s kappa; (ii) for two evaluators with extreme discordance, use Cohen’s weighted kap-
pa; or (iii) for more than two evaluators, use Cohen’s weighted Chi-square test.
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