
 

UNIVERSIDADE DE SÃO PAULO 

FACULDADE DE ODONTOLOGIA DE BAURU 

 

 

 

 

 

JORGE TOMASIO CABALLERO 

 

 

 

 

Facial anthropometrics landmarks used to obtain the occlusal 

vertical dimension - a stereophotogrammetry study 

 

Avaliação através de estereofotogrametria, de medidas faciais 

antropométricas utilizadas para obtenção da dimensão vertical de 

oclusão 

 

 

 

 

 

 

 

 

 

BAURU 

2022



 
 

 
  



 

JORGE TOMASIO CABALLERO 

 

 

 

 

 

 

Facial anthropometrics landmarks used to obtain the occlusal 

vertical dimension - a stereophotogrammetry study 

 

Avaliação através de estereofotogrametria, de medidas faciais 

antropométricas utilizadas para obtenção da dimensão vertical de 

oclusão 

 

 

Tese constituída por artigo apresentada à 

Faculdade de Odontologia de Bauru da 

Universidade de São Paulo para obtenção do título 

de Doutor em Ciências no Programa de Ciências 

Odontológicas Aplicadas, na área de concentração 

Reabilitação Oral. 

 

Orientadora: Prof.ª Dr.ª Simone Soares. 

 

 

 

 

 

 

 

BAURU 

2022  



 
 

 

 

 

 

 

 

Autorizo, exclusivamente, para fins acadêmicos e científicos, a 

reprodução total ou parcial desta tese, por processos fotocopiadores 

e outros meios eletrônicos. 

 

 
Jorge Tomasio Caballero 

 

 

Data: 10/07/2022 

 

 

 

 

 

 

 

  

Caballero, Jorge Tomasio 
       Facial anthropometrics landmarks used to 
obtain the occlusal vertical dimension - a 
stereophotogrammetry study 
/Jorge Tomasio Caballero. -- Bauru, 2022. 
       63p. : il. ; 31cm. 
 
        Tese (doutorado) -- Faculdade de Odontologia 
de Bauru. Universidade de São Paulo, 2022. 
 

        Orientadora: Profa. Dra.  Simone Soares 

Comitê de Ética da FOB/USP 
CAAE: 22075219.6.0000.5417  

Data: 21/11/2019 



 

ERRATA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Universidade de São Paulo 
Faculdade de Odontologia de Bauru 
Assistência Técnica Acadêmica 
Serviço de Pós-Graduação 

 
 

 Al. Dr. Octávio Pinheiro Brisolla, 9-75 | Bauru-SP | CEP 17012-901 | C.P. 73  posgraduacaofobusp 

 https://posgraduacao.fob.usp.br  @posgradfobusp 

 14 . 3235-8223 / 3226-6097  /  3226-6096  fobuspoficial 

 posgrad@fob.usp.br  @Fobpos 

 

FOLHA DE APROVAÇÃO 

 

Tese apresentada e defendida por 
JORGE TOMASIO CABALLERO 

e aprovada pela Comissão Julgadora 
em 29 de agosto de 2022. 

 
 

Prof.a Dr.a ILANA SANTOS RAMALHO 
FACIO 

 
 

Prof. Dr. THIAGO AMADEI PEGORARO 
UNISAGRADO 

 
 

Prof. Dr. PEDRO CESAR GARCIA DE OLIVEIRA 
FOB - USP 

 
 

Prof.a Dr.a SIMONE SOARES 
Presidente da Banca 

FOB - USP 
 
 

 



 

 

DEDICATÓRIA 

 

 

 

 

 

 

A meus filhos Mia Isabella e Jorge Gustavo 

A minha esposa: Roxana; esposa, companheira e amiga.   

A meus pais, Jorge e Carla; e à minhas irmãs, Carla e Mariana.  

As minhas avós, Mamá Lolo e Mamá Helena. 

 

 

 

 

 

 

 

 

 

  



AGRADECIMENTOS 

 

 

À Deus, por tudo, pela vida, por minha linda família, por todas a graças derramadas 

em minha vida; por me dar a oportunidade de estar aqui; porque as coisas sempre 

vão melhor com sua ajuda. 

 

Aos meus filhos, que são a razão da minha vida, o motor que sempre me empurra 

para frente, me ajudando a superar as diversas dificuldades que se apresentam na 

vida. 

   

A minha esposa, Roxana, por seu amor, sua amizade, seu companheirismo; por ser 

um apoio sempre, por me incentivar a continuar nessa caminhada em direção aos 

nossos sonhos, por ser lutadora como ela é, por conseguirmos juntos passar por 

decisões difíceis, por momentos difíceis; não foi fácil para nenhum dos dois estar 

longe, mas conseguimos.    

 

Aos meus pais, Jorge e Carla; por seu apoio que esteve sempre presente; por seu 

amor incondicional. Sempre foram e serão meu exemplo de esforço e dedicação. 

Embora estivessem longe, eles estavam sempre próximos. 

 

As minhas irmãs, por seu apoio, por compartilhar meus sonhos. Pelos ensinamentos 

durante toda minha vida.  

 

A minha orientadora, Profa. Dra. Simone Soares, estou muito agradecido pelos 

ensinamentos, pelo tempo dedicado, pela paciência, pelo apoio, pelo carinho e pela 

confiança depositada em mim. Tenho um carinho, admiração, gratidão e respeito 

enorme por você. Tenho muito que agradecer quanto ao meu crescimento profissional 

e pessoal, sobretudo no que concerne à docência. Tantas vivências, momentos 

compartilhados, alegrias, tristezas, trabalho duro, infinitas lembranças que levarei pelo 

resto da minha vida. Muito obrigado professora, sem você nada disto seria possível. 

A pandemia trouxe muitos desafios para todo o mundo, todos nós que fazemos parte 

da USP não somos exceção, agradeço de forma muito especial à Profa. Dra. Simone 



 

 

Soares neste sentido, por ser um apoio, um guia, por saber como reinventar o caminho 

e continuar com o trabalho mesmo com diversas dificuldades.    

 

A todos os professores, que contribuíram com parte da minha formação, desde que 

comecei minha especialidade em Prótese Dentária; à Profa. Dra. Simone Soares, e 

aos Profs. Drs. Carlos dos Reis Pereira de Araújo, Paulo César Rodrigues Conti, 

Vinícius Carvalho Porto; entre outros professores que participaram também, embora 

ministrando menos aulas, com a mesma importância. Tenho que falar dessa etapa da 

minha vida, e agradecer todos eles, pois devo confessar que antes de chegar no 

Brasil, não gostava tanto da ideia de me tornar professor, e foi depois de ver a 

qualidade de profissionais e pessoas que os meus professores são, as aulas que 

ministram, o nível de pesquisa; que cresceu meu interesse por ser professor. De 

maneira especial, agradecer mais uma vez a minha orientadora, que me incentivou 

de uma forma especial, fazendo crescer em mim o gosto pela pesquisa. Tal foi o 

incentivo, que a pesar de ter que sacrificar várias coisas nesse momento, escolhi 

continuar com o doutorado.      

 

A todos os professores que tive na minha vida, desde a escola, considero muito 

importante à docência em qualquer nível, sendo que cada uma tem suas semelhanças 

e diferenças, este agradecimento é também um reconhecimento a importância que 

tem a educação.        

 

A todos os professores e colegas da Pós-Graduação, por todos os ensinamentos 

compartilhados; por tantas horas de clínica e aulas, seminários que me fizeram 

crescer dia a dia em todos os aspectos. Seminários e aulas que incluso tiveram que 

ser reinventadas após a pandemia, e todos souberam superar mais um grande desafio 

da melhor forma possível.     

 

A todos os colegas e amigos que fazem parte do grupo de pesquisa da Profa. Dra. 

Simone Soares, onde tenho que destacar a grande colaboração da minha 

companheira e amiga, Maria Giulia Rezende Pucciarelli. 

 

Agradeço ainda a todos que, de alguma maneira, contribuíram para a realização 

desse trabalho. 



 

A Faculdade de Odontologia de Bauru da Universidade de São Paulo, FOB-USP. 

 

Ao Programa de Pós-Graduação em Ciências Odontológicas Aplicadas. 

  

À CAPES pelo auxílio financeiro para elaboração desta tese. 

 

 

 

  



 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

“O sucesso não é o fim, o fracasso não é fatal; é a coragem de 

continuar que conta.” 

 

Winston Churchill 

 



RESUMO 

 

Restabelecer a dimensão vertical de oclusão (DVO), quando não há estabilidade 

oclusal e ausências múltiplas dentárias além de desgastes acentuados, é fundamental 

para atingir uma reabilitação oral satisfatória. Apesar da existência de vários métodos 

para determinar a DVO não há um método único e preciso. O presente trabalho se 

propôs a utilizar da estereofotogrametria para observar a relação entre medidas 

antropométricas da face e comparar as técnicas métricas para obtenção da DVO entre 

indivíduos de 20 a 65 anos. A análise foi realizada em 186 pacientes divididos em 

quatro grupos: G1 - 46 pacientes de 20 a 30 anos de idade; G2 - 35 pacientes de 31 

a 40 anos de idade; G3 - 50 pacientes de 41 a 50 anos de idade; G4 - 55 pacientes 

de 51 a 65 anos de idade. As fotografias 3D foram obtidas utilizando o sistema portátil 

de câmera de estereofotogrametria Vectra H1 (Canfield Scientific, Inc, Fairfield, NJ, 

EUA). Pontos morfométricos foram estabelecidos na face previamente a captura da 

imagem e, através do software VAM elaboration (Canfield Scientific, Inc), medidas 

lineares de relevância para a avaliação da DVO foram mensuradas. Regressão linear 

múltipla avaliou a relação entre as medidas do terço inferior da face (Sn-Gn e Prn-Pg). 

O ANOVA foi aplicado para comparar as medidas de Sn-Gn com as medidas do canto 

externo dos olhos às linhas retas dirigidas lateralmente as comissuras, no sentido 

vertical (Exo R/L-Ch’R/L) nos grupos avaliados. O nível de significância de .05 foi 

considerado significativo. Através da regressão linear múltipla, 13 medidas lineares 

preditoras da DVO foram avaliadas e apenas 4 foram consideradas estatisticamente 

significativas para o modelo Sn-Gn:  Exo R – Ch´ R; ExoL – EndL x2; EndR – EndL 

x2 e sexo. Para o modelo Prn-Pg, três variáveis independentes apresentaram 

diferença estatisticamente significativa: Exo R-Ch’ R; Exo L-Ch’L e Exo L-End Lx2. Os 

preditores ExoR-Ch’R e ExoL-EndoLx2 impactam significativamente a DVO, através 

da estereofotogrametria. Quando se comparou os grupos (ANOVA) e as medidas de 

Sn-Gn em relação ao canto externo dos olhos (ExoR/L) e a linha reta da comissura 

(Ch’R/L) e a pupila (PupilR/L) e a linha reta da comissura (Ch’’R/L), ambas no sentido 

vertical, os resultados mostraram diferença estatisticamente significativa em todas as 

medidas exceto em PupilL-Ch’’L. Conclui-se que o método de Willis, que estabelece 

a medida do canto externo do olho à linha da comissura direcionada lateralmente e 

que se encontra com a linha vertical do canto externo do olho, como método para 



 

 

estabelecer a DVO só apresenta relevância na medida da pupila à comissura do lado 

esquerdo (PupilL/Ch’L), não encontrando respaldo nas demais medidas para 

estabelecimento da DVO com a estereofotogrametria. 

 

Palavras-chave: Reabilitação Bucal; Fotogrametria; Imagem; Dimensão Vertical. 

 

 

 

 

 

 

 

 

 

 

  



ABSTRACT 

 

Restoring the occlusal vertical dimension (OVD) in occlusal imbalance, multiple dental 

absences, and severe wear is essential to achieving satisfactory oral rehabilitation. 

Despite several methods to determine the OVD, there is no single and precise. The 

present study aimed to use stereophotogrammetry to assess the relationship between 

facial measurements and compare metrics techniques to obtain OVD among 

individuals aged ranging 20 to 65 years. The analysis was performed on 186 patients 

divided into four groups: G1 - 46 patients aged between 20 and 30 years; G2 - 35 

patients aged 31 to 40 years; G3 - 50 patients aged 41 to 50 years; G4 - 55 patients 

aged 51 to 65 years. Relevant anthropometrics landmarks relationship to OVD were 

pointed on the face, and 3D images were obtained using the Vectra H1 (Canfield 

Scientific, Inc, Fairfield, NJ, USA) portable stereophotogrammetry camera system. The 

linear measurements were measured by VAM elaboration software (Canfield 

Scientific, Inc). Linear regression analysis was performed to evaluate the relationships 

between the measurements of the lower third of the face (Sn-Gn and Prn-Pg). The 

ANOVA was applied to compare the Sn-Gn measurements with the measurements 

from the outer corner of the eyes to the straight lines of the commissures in the vertical 

direction (Exo R/L-Ch'R/L) in the evaluated groups. P < .05 was considered significant. 

Through multiple linear regression, 13 linear measures predictive of OVD were 

evaluated, and only four were considered statistically significant for the Sn-Gn model: 

Exo R – Ch' R; ExoL – EndL x2; EndR – EndL x2 and sex. For the Prn-Pg model, three 

independent variables showed a statistically significant difference: Exo R-Ch' R; Exo 

L-Ch'L, and Exo L-End Lx2. The ExoR-Ch'R and ExoL-EndoLx2 predictors significantly 

impact the OVD through stereophotogrammetry. Comparing the groups (ANOVA) and 

the Sn-Gn measurements concerning the outer corner of the eyes (ExoR/L) and the 

straight line of the commissure (Ch'R/L) and the pupil (PupilR/L) and the straight line 

of the commissure (Ch''R/L), both vertically, the results showed a statistically 

significant difference in all measurements except PupilL-Ch''L. It is concluded that the 

Willis method, which establishes the measurement from the outer corner of the eye to 

the straight line of the commissure as a method to obtain the OVD, only has relevance 

in the measurement of the pupil to the left straight line of the commissure (PupilL/Ch'L). 

Not finding support in the other measures to establish OVD with 

stereophotogrammetry. 



 

 

 

 

Key words:  Mouth Rehabilitation; Photogrammetry; Imaging, Three-Dimensional; 

Vertical Dimension. 
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1 INTRODUCTION 

 

 

Rehabilitating total or partially edentulous patients who need to reestablish the 

occlusal vertical dimension (OVD) is a challenge for the dental surgeon.1,2 The metrics 

used to establish the OVD, based on the rest vertical dimension (RVD) are based on 

empirical data dictated by Willis in 1930.3 However, it should be noted that the thirds 

of the face must be balanced to maintain facial harmony, and the lower third is directly 

related to OVD.4 

The OVD can be determined from the base of the nose (Subnasale - Sn) to the 

base of the chin (Gnathion - Gn) or from the tip of the nose (Pronoasale - Prn) to the 

prominent region of the chin (Pogonion - Pg) in sagittal direction.1 Adequate and 

practical methods have been used to determine the OVD nonetheless, they are 

controversial due to lack of scientific evidence.1 To overcome the limitations of the 

proposed methods, we used a combination of techniques without scientific basis. Thus, 

with the onset of stereophotogrammetry (3D technology), anthropometrics landmarks 

established on the face can be evaluated and compared to the feasibility and reliability 

of this new tool. From classical anthropometry, which identifies facial points and 

performs measurements with calipers and cephalometric rulers, digital anthropometry 

captures facial landmarks and by using X, Y, and Z coordinates, linear distances, and 

angles are measured.5 Thus, classical anthropometry, in two dimensions, is being 

replaced by various methods of three-dimensional analysis (3D).5-7 

 

Three-dimensional technology (3D) has been used in research a few years ago, 

and proved to be accurate, allowing for reliable and reproducible facial 

measurements;5,7-10 in addition to presenting advantages such as speed, simplicity of 



 

 

use,5,7,8 data storage, non-invasive method with application in areas such as plastic 

surgery, maxillofacial surgery, orthodontics, forensic medicine, among others.9-12 

Based on previous researches on OVD and the absence of studies that validate 

the methods available for its determination. Knowing that in the lack of a precise 

technique, the literature has a consensus on the methods association, in the present 

work, we sought to evaluate the use of anthropometrics landmarks to determine the 

OVD. Comparisons of measurements among individuals of different sex and age 

through stereophotogrammetry have not yet been performed and presented in the 

literature. In this way, we sought to assess which measures are reliable to establish 

normal parameters to rehabilitate patients who need to restore the OVD, according to 

the sex and age of the individuals studied. The null hypothesis to be tested states that 

the methods from the Subnasale (Sn) – Gnathion (Gn), Pronasale (Prn) – Pogonion 

(Pg), and Exocanthion (Ex) – Cheilion (Ch) measurements are parameters to 

determine the OVD. 
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ABSTRACT 

Purpose: Evaluate, through stereophotogrammetry, facial anthropometrics 

landmarks measurements to determine the occlusal vertical dimension (OVD). 

Methods: A hundred and eighty-six individuals (20 to 65 years) in both sexes were 

evaluated. Relevant anthropometrics landmarks relationship to OVD were pointed on 

the face, and 3D images were obtained using the Vectra H1 portable 

stereophotogrammetry camera system. The linear measurements were measured by 

VAM elaboration software. Linear regression analysis was performed to evaluate the 

relationships between the measurements of the lower third of the face (Sn-Gn and 

Prn-Pg) used to establish the OVD. P < .05 was considered as significant. 

Results: Thirteen linear measurements were evaluated as predictors, and predictors 

with statistically significant differences for Sn-Gn were: Exo R – Ch´ R; Exo L – End L 

x2; End R – End L x2 and sex. For the Prn-Pg, the independent variables presented 

Exo R-Ch’ R; Exo L-Ch’L, and Exo L-End Lx2 as statistically significant differences. 

Conclusions: The multiple regression model revealed that there is a prediction of 

measurements from the outer corner of the eyes to the commissure on the right side 

and from the outer corner of the eyes to the inner corner multiplied by two on the left 

side in both proposed models (Sn-Gn and Prn-Pg). 

 

 

 

 

 

 

 

 

 

 



 

 

INTRODUCTION  

In the rehabilitation of partially or edentulous patients, the restoration of the 

Occlusal Vertical Dimension (OVD) is an important phase and a challenge for 

professionals [1,2]. Restoration of OVD is indicated for multiple reasons; but it must be 

indicated respecting the physiology and function of the stomatognathic system. For it 

is not an immutable reference but a dynamic dimension, within a zone of physiological 

tolerance [3]. 

There is no single and precise method to determine the Occlusal Vertical 

Dimension, on the contrary, there are methods in the literature that, despite being 

adequate and convenient in clinical practice, are controversial due to the lack of 

scientific evidence. So, it is recommended to use a combination of techniques to 

overcome the limitations of each method and approach the appropriate OVD for each 

patient [1]. In the literature, pre-extraction and post-extraction methods are described, 

and among the post-extraction methods, anthropometric landmarks are indicated [1].  

The assessment of facial morphology through measurements obtained from 

anthropometric points is essential for medical and dental disciplines [4]. Such 

specialties have been favored in recent years due to advances in technology, which 

allows performing three-dimensional analyzes of facial morphology through innovative 

instruments, among which stereophotogrammetry stands out [5,6,7].  

Over time, OVD has usually been measured through conventional 

cephalometric analyses or anthropological tweezers. The drawback of cephalometry 

is radiation, while anthropological tweezers, despite presenting themselves as a simple 

technique, are subject to measurement errors [8,9].  



 

 

Based on previous studies on OVD and verifying the absence of researches 

that validate measurements and techniques to determine the height of the lower third 

of the face; knowing that, in the absence of a precise method, the association of several 

methods is a consensus; the present study sought to evaluate the measurements of 

the Subnasale (Sn) - Gnathion (Gn) and Pronasale (Prn) - Pogonion (Pg) to determine 

the OVD, which, although they are routinely used, lack scientific basis. The null 

hypothesis to be tested is that anthropometrics distances on the face associated with 

Sn-Gn and Prn-Pg measurements can be used to determine the OVD in patients aged 

between 20 and 65 years of both genders using stereophotogrammetry. 

MATERIAL AND METHODS 

1 Sample selection 

This study was conducted after approval by the institutional Review Board. 

Written informed consent was obtained from all participants under protocol number 

CAAE: 22075219.6.0000.5417. 

A total of 186 volunteers individuals were enrolled in this study with age ranged 

20 to 65 years. The inclusion criteria were: natural teeth individuals with occlusal 

stability and Angle Class I occlusion, Caucasian, Brazilian, single or 3-units’ 

prostheses, individuals who do not present pathologies in the orofacial region, and 

individuals without craniofacial anomalies. 

The exclusion criteria were: individuals who underwent orthognathic surgery, 

individuals with a history of craniofacial trauma, individuals with severe tooth wear and 

significant facial asymmetry, and who underwent plastic surgery. 

 

2 – Acquisition of 3D images using Stereophotogrammetry 



 

 

Vectra H1 stereophotogrammetry equipment (Canfield Scientific, Inc, Fairfield, 

NJ, EUA) and VAM elaboration software (Canfield Scientific, Inc) were validated to 

perform facial analysis [10,11]. The system has proven reliable in evaluating linear, 

angular, and surface area measurements and is accurate and reliable for clinical and 

research applications [6,10,11]. 

Using the VECTRA H1 handheld camera system and obtaining 3D images; the 

patient must be positioned correctly and the operator calibrated to capture the facial 

photographs [11]. 

 

3- Anthropometric points selected to analyze the linear measurements on 

the face 

Sixteen anthropometric points [1,4,6,12-14] were identified and marked on the 

patients' faces [8,11] (Table 1). Linear distances established for measurement and 

comparison (Table 2) were obtained to evaluate the methods for determining OVD 

(Figure 1). 

 

Table 1. List of anthropometric landmarks 

 

Anthropometric 
landmarks 

Definição 

Endocanthion (En) The point at the inner commissure of the eye fissure (left and right); 

Exocanthion (Ex) The point at the outer commissure of the eye fissure (left and right); 

Pogonion (Pg) The most anterior of the chin; 

Pronasale (Prn) The most protruded point of the apex nasi; 

Subnasale (Sn) 
The midpoint of the angle at the columella base where the lower border of 
the nasal septum and the surface of the upper lip meet; 

Tragion (T) The notch on the upper margin of the tragus (left and right); 

Gnathion (Gn) The lowest median landmark on the lower border of the mandible; 

Cheilion (Ch) The point located at each labial commissure (left and right); 

Cheilon’(Ch’)/(Ch’’) The point located in the line of at each labial commissure (left and right); 

Pupil (Pup) The center of the eye (left and right) 



 

 

Table 2. List of the linear measurements (predictors) evaluated 

 

Linear measurements 

End – Ch (right and left) Distance between the Endocanthion to the Cheilion 

Exo- Ch´ (right and left) Distance between the Exocanthion to the Cheilion´ 

Exo R - End L Distance between the Exocanthion right to the Endocanthion left 

Exo L - End R Distance between the Exocanthion left to the Endocanthion right 

T – Exo (right and left) Distance between the Tragion to the Exocanthion 

Pupil -Pupil Distance between the pupil right and left 

Exo - end x2 (right and left) 
Distance between the Exocanthion to the Endocanthion 
multiplicated by 2 

Pupil - Ch'' (right and left) Distance between the pupil to the Cheilion´ 

 

 

 
Figure 1. Linear measurements predictors in white and the occlusal vertical dimension measurement 
defined by two different linear measurements, in yellow (Sn-Gn) and red (Prn-Pg). 

 

4. Statistical analysis  

  

Linear regression analysis was performed to analyze the relationships between 

the measurements of the lower third of the face (Sn-Gn and Prn-Pg) and the following 



 

 

measurements as predictors: End – Ch (right and left); Exo- Ch´ (right and left); Exo R 

- End L; Exo L - End R; T – Exo (right and left); Pupil -Pupil; Exo - End x2 (right and 

left); Pupil - Ch'' (right and left). P < .05 was considered as significant. Multiple linear 

regression with a stepwise backward approach was used to estimate equations for the 

optimal linear measurement to determine the occlusal vertical dimension. All data were 

analyzed using JAMOVI v.1.2 (The jamovi project, Sidney, Australia). 

 

RESULTS 

 The study evaluated thirteen predictors (Table 2), and the dependent variables 

were the linear measurements in the lower third of the face used to determine the 

occlusal vertical dimension, the distance between the Subnasale to the Gnathion (Sn-

Gn), and the distance between the Pronasale to Pogonion (Prn-Pg). The bivariate 

regression with the predictors was assessed (p≤0.2), twelve predictors were included 

in the multiple regression initial model, and the age was excluded from this analysis. 

Two multiple linear regression was applied, first to the Sn-Gn, and second to the Prn-

Pg measurements.  

The multiple linear regression model had performed with the whole predictors 

determined to the dependent variables Sn-Gn (Table 3) and Prn-Pg (Table 4). 

However, eight (8) of them were excluded (Pupil R - Ch'' R; Pupil L - Ch'' L; End R – 

ChR; End L – ChL; Exo R - End L; Exo L- End R; TR-ExR and TL-ExL) due to the 

variance inflation factor (VIF) ˃5. Stepwise backward model of the multiple regression 

model had assessed only the significant predictors of the literature to Sn-Gn (Table 5) 

and to Prn-Pg (Table 6). 

 
 
 
 
 



 

 

Table 3. The first multiple linear regression model to the Sn-Gn linear measurement 
 

Predictor Estimate SE t p 

Intercept ᵃ -3.4931 7.5164 -0.465 0.643 

Exo R - Ch´R 0.6580 0.1543 4.265 < .001* 

Exo L - Ch´L 0.1503 0.1508 0.997 0.320 

Pupil -Pupil -0.1110 0.1620 -0.685 0.494 

Exo R - end R x2 -0.0781 0.1266 -0.616 0.538 

Exo L - end L x2 0.3138 0.1208 2.598 0.010* 

End R- End L x2 0.1435 0.0773 1.857 0.065 

Sexo:         

M – F 2.0374 0.7337 2.777 0.006* 

ᵃ Represents reference level 

 
 
Table 4. The first multiple linear regression model to the Prn-Pg linear measurement 
 

Predictor Estimate SE t p 

Intercept ᵃ -5.8638 9.0563 -0.6475 0.518 

Exo R - Ch´R 0.3790 0.1859 2.0394 0.043* 

Exo L - Ch´L 0.4977 0.1817 2.7396 0.007* 

Pupil -Pupil 0.0128 0.1952 0.0655 0.948 

Exo R – End R x2 -0.1972 0.1526 -1.2926 0.198 

Exo L – End L x2 0.3833 0.1456 2.6333 0.009* 

End R- End L x2 0.0637 0.0931 0.6839 0.495 

Sexo:         

M – F 1.1323 0.8840 1.2809 0.202 

ᵃ Represents reference level  

 
Table 5. Stepwise backward model of the multiple regression model had assessed 

the significant predictor of the literature (Sn-Gn dependent variable) 
 

Predictor Estimate SE t p 

Intercept ᵃ -5.0972 7.3652 -0.692 0.490 

Exo R - Ch´R 0.6627 0.1528 4.337 < .001* 

Exo L - Ch´L 0.1310 0.1491 0.879 0.381 

Exo L - End L x2 0.2119 0.0725 2.923 0.004* 

End R - End L x2 0.0990 0.0462 2.142 0.034* 

Sex:     

M – F 1.9086 0.7120 2.681 0.008* 

ᵃ Represents reference level 



 

 

Table 6. Stepwise backward model of the multiple regression model had assessed 

the significant predictor of the literature (Prn-Pg dependent variable) 

Predictor Estimate SE t p 

Intercept ᵃ -3.125 8.1457 -0.384 0.702 

Exo R - Ch´R 0.420 0.1840 2.281 0.024* 

Exo L - Ch´L 0.463 0.1801 2.573 0.011* 

Exo L - End L x2 0.212 0.0862 2.462 0.015* 

Sexo:     

M – F 1.283 0.8492 1.511 0.133 

   ᵃ Represents reference level 

The two significant predictors of the literature (Sn-Gn and Prn-Pg) using for 

OVD were evaluated using multiple linear regression. If p<0.05 this means that at least 

one predictor is significant to evaluate the measure in question, in this case, both 

measurements were, but the adjusted R for the Sn-Gn measure is greater, that is, 53% 

of this set of predictors (Table 7). 

Table 7. The model fit of multiple linear regression to the two dependent variables 

according to the significant predictors of the literature 

 

 

DISCUSSION  

 

In the present study, linear facial measurements were associated with classical 

measures to determine the OVD, Sn - Gn (Subnasale - Gnathion) and Prn - Pg 

(Pronasale - Pogonion); through multiple linear regression in patients aged between 

20 and 65 years old, of both sexes, through stereophotogrammetry. Among the 13 

predictors analyzed, 4 and 3 significantly impacted the OVD for Sn–Gn and Prn-Pg 

models, respectively. The multiple regression model revealed that there is a prediction 

of measurements from the outer corner of the eyes to the commissure on the right side 

Model Fit measures Overall Model Test 

 R R² Adjusted R² F df1 df2 p 

Sn-Gn 0.739 0.546 0.533 43.3 5 180 < .001 

Prn- Pg 0.667 0.445 0.433 36.3 4 181 < .001 



 

 

and from the outer corner of the eyes to the inner corner multiplied by two on the left 

side in both proposed models (Sn-Gn and Prn-Pg). Therefore, the null hypothesis was 

accepted, as the coefficient of determination showed that 53% and 43% of the OVD 

results measured by the Sn-Gn and Prn-Pg models are explained by this set of 

predictors, respectively. 

The methods used to determine the OVD from craniofacial measurements are 

among the most described in the literature [14-19]. In addition, the authors claim that 

there is a relationship between craniofacial distances capable of predicting OVD. 

Nevertheless, most of them evaluate in 2D, using calipers and rulers, and not through 

3D technology that has already proven accurate [11,20]. 

The models proposed are in congruence with the literature, Sn-Gn, Prn-Pg 

[1,17,21]. The results presented reveal that for each mm that is increased in the Exo 

R–Ch'R measure, we increased the OVD by 0.66mm for the Sn-Gn model and 0.42mm 

for the Prn-Pg model. This result is corroborated by Alhaij et al., [14] which evaluated 

whether the Prn-Pg and Sn-Gn distances correspond to the distance measured from 

the outer corner of the eye to the labial commissure in a straight line (Exo-Ch'). The 

authors concluded that the Exo-Ch' measure could be used as a reliable method to 

predict the OVD, however, it would be better to correlate it with Prn-Pg distance [14]. 

This result agrees with Sakkar et al., which reported that the Prn-Pg distance was more 

correlated with intraoral changes than the Sn-Gn distance, although facial 

measurements are not ideal for predicting OVD, the Prn-Pg distance is more reliable 

than the Sn-Gn distance [15]. Contrary to the above, Nagpal et al., evaluated the 

reliability of different craniofacial measurements used to predict OVD, comparing them 

with the distance (Sn-Gn) at rest and occlusion and concluded that the distance from 

the outer corner of the eye to the corner of the mouth can be used as an adjunct in 



 

 

determining the OVD [17]. The present work, when applying a regression analysis, 

aimed to be more precise in the evaluation of craniometric measurements associated 

with the height of the lower third of the face. 

Analyzing the sex is possible to infer that in the models presented, in which the 

female sex is the reference, from woman to man, there is an increase of 1.90 mm in 

the Sn-Gn model and 1.28 mm in the Prn-Pg model. It shows that the OVD values are 

higher in males, in agreement with Majeed et al., which evaluated the craniofacial 

measures correlation and OVD in the Saudi Arabian population using a caliper. The 

authors measured the OVD of Sn-Gn and found that the OVD mean in male (69.25 ± 

5.54) was higher than in female (57.41 ± 5.32) [19]. Thus, it is relevant to note that in 

all studies with anthropometric measures of the face, differences in gender and 

ethnicity must be considered, and the results analyzed with caution [19,22]. 

The age variable was not considered for the multiple regression since, in this 

kind of test, it is evaluated if the predictors are minimally related to the outcome. 

The distance from the outer and inner corners of the eyes on the left side, 

multiplying by two, presented equality in the two proposed models (Sn-Gn, Prn-Pg). It 

means that, each mm increased in the Exo L-End L x 2 measurements, we increased 

0.21 mm in both models.  

Interestingly, in the Prn-Pg model, both sides (right and left) of the distances 

from the outer corner of the eyes to the commissure, following a straight line, proved 

to be predictors of OVD, which corroborates what was observed by Alhajj et al. in the 

Yemeni population, in which there is a correlation between the measured distance from 

the outer corner of the eye to the angle of the mouth and Prn-Pg [14]. 

It is still important to emphasize that the establishment of a superior relationship 

between the OVD and the left facial measurements (Prn-Pg) instead of the right facial 



 

 

measurements in dentate and edentulous individuals was advocated by Chou et al. 

[23] 

In the Sn-Gn model, when the distance from the right inner canthus of the eye 

to the left inner canthus of the eye is multiplied by 2, the regression model proved to 

be a predictor of OVD. Therefore, it is inferred it is relevant for professionals to choose 

a starting point to measure the OVD, either the Prn-Pg or Sn-Gn distance, and from 

one of these measures to establish, according to the predictors, which significantly 

impacted and apply it while measuring the OVD. 

It is important to note that the predictors identified as those that significantly 

impacted the OVD are all based on fixed points and not on soft tissue that presents a 

high degree of unpredictability [24,25]. 

The present study has limitations related to the sample size, the population 

studied, which is mixed race, and the difficulties of comparison with studies that 

evaluate through stereophotogrammetry, which are still scarce in the literature. 

However, the results must be interpreted with caution. Several authors showed that 

the Prn-Pg model is the one reliable for taking the OVD, in agreement with Jakstatet 

al., which investigated the movement of the skin markings due to the contraction of the 

mimic muscles and concluded that the Prn point proved to be the least mobile 

landmark. In the present study, the Sn-Gn model presented a coefficient of 

determination of 53% explained by this set of predictors, different from the 43% 

revealed by the Prn-Pg model [26]. 

These two models presented for obtaining the OVD, based on predictors, are 

relevant because the professional can choose one of them and consider which 

predictors are statistically significant. 

CONCLUSION 

 



 

 

The current study result suggests that in the Sn-Gn model, the predictors: sex, 

distances from the outer corner of the eye to labial commissure of the right side (ExoR-

Ch'R); right to left inner corner of the eye multiplied by 2 (End R-End Lx2) and outer 

corner to the inner corner of the eye at left side multiplied by 2 (ExoL-EndL x 2) 

significantly impacts the OVD. As for the Prn-Pg model, the predictors of the outer 

corner of the eye and labial commissure of the right and left (ExoR-Ch'R) (ExoL-Ch'L) 

sides and exocanth and endocanth left multiplied by 2 (ExoL-End L x 2) significantly 

impact the OVD.  
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CLINICAL RESEARCH 

Is there a relationship between the Willis method and the same measure to determine 

Occlusal Vertical Dimension using stereophotogrammetry? 

 

ABSTRACT 

Statement of problem: 'Willis' method using a Willis gauge, is one of the methods to 

determine the occlusal vertical dimension (OVD). Using stereophotogrammetry there is no 

study verifying if there is relationship between Willis’s method and the values to determine 

the OVD.   

Purpose: Based on Willis method as an auxiliary to restore occlusal vertical dimension the 

present study aimed to compare the measurements from Exocanthon and pupil of the eye to 

cheillion in straight line in both sides with Subnasale (Sn) to Gnathion (Gn) and evaluate the 

relationship by stereophotogrammetry. 

Material and methods: A hundred and eighty-six individuals age range 20 to 65 years old 

were divided in 4 groups. Ten facial landmarks were marked on the face of each patient, a 

photo was captured. Paired t-test was performed to analyze the correspondence of the 

measurements proposed by the Willis metrical method. The ANOVA one-way was performed 

to evaluate the differences between the lower third of the face among ages. The statistical 

analysis was performed with significance at the level of 0.05. 

Results: The Willis gauge from Exocanthon R/L – Ch’R/L comparing to Pupil R/L-Ch’’R/L 

presented differences statistically significant (P<.001). Comparing the difference between the 

Sn-Gn and ExoR-Ch’R (P=0.021), ExoL-Ch’L (P<.001), Pupil R-Ch’’R (P=.002), all of them 

presented statistically significant differences, except Pupil L-Ch’’L. The ANOVA one-way 

was performed to evaluate if differences were observed among ages in all measurements in 



 

 

the Willis metrical method. The differences were in ExoR-Ch’R (P=0.012) (G2/G3) and Pupil 

R-Ch’’R (P=0.002) (G1/G3, G2/G3). 

Conclusion: The use of Willis compass based on the description of the literature and based in 

the method used by clinicians is different from the measures using stereophotogrammetry. 

Only the measure Pupil L-Ch’’L can be useful to stablish the OVD. Differences were 

presented among ages only in ExoR-Ch’R and PupilR-Ch’’R showing that the left side is 

more stable than right side. 

 

 

CLINICAL IMPLICATIONS 

Empirical methods to stablish OVD are described in the literature. Willis’s method is one of 

them used as an auxiliar to restore OVD, however this method was not evaluated by 

stereophotogrammetry, a non-invasive and precise tool to measure anthropometrics distances 

on the face.   

 

 

 

 

 

 

 

 

 

 

 

 

Keywords: Occlusal Vertical Dimension, Rest Vertical Dimension, Photogrammetry, 

Anatomic Landmarks. 

 



 

 

INTRODUCTION  

'Willis' method1 is one of the methods to determine the occlusal vertical dimension. It consists 

in measure the distance from the pupil of the eye to the rima oris, and this distance is 

presumed to be equal to the vertical measurement from subnasale (Sn) to the Gnathion (Gn), 

when the teeth are in occlusion.2 Restoring the lower facial height is a relevant procedure for 

health, esthetic, and quality of life in edentulous and partially dentate patients. 

 The majority methods proposed were based in caliper and rules3-5 and they did not 

show precise, because the soft tissue has to be considered and promotes distortion.6,7 

Nowadays the 3D technology is rising quickly and the stereophotogrammetry is a new, non-

invasive, portable tool and proved to be reliable.8-10 Studies using stereophotogrammetry and 

the face’s anthropometric landmarks to help restore the OVD are sparse. 

 Based on Willis method as an auxiliary to restore occlusal vertical dimension the 

present study aimed to compare the measurements from pupil of the eye/from outer canthus of 

the eye to cheillion in straight line in both sides with Subnasale (Sn) to Gnathion (Gn). The 

null hypotheses to be tested is that no differences between these two measurements are 

presented and the Willis method can be used to restore occlusal vertical dimension using 

stereophotogrammetry.  

    

MATERIAL AND METHODS 

 

1) Sample selection 

 

Ethics Board Committee approved the study under number: 22075219.6.0000.5417. The 

present study adopted a minimum clinical difference of 3 mm in soft tissue alteration11 with a 

standard deviation of 3.51 mm12 and a significance level of 0.05. Based on the sample 

calculation, at least 27 patients per group were established. A hundred and sixteen patients 

ranging from 20 to 65 years participated in the study.  



 

 

The inclusion criteria were: Brazilian Caucasian; dentate patients who presented occlusal 

stability maintained by natural teeth, no orofacial anomalies and pathologies. The exclusion 

criteria were: patients who underwent orthognathic surgery, presented previous craniofacial 

trauma, the extensive prosthesis (occlusal stability maintained by prosthesis), malocclusion, 

severe wear, and plastic surgery on the face. Four groups divided in ages were established: 

G1: 46 patients age from 20 to 30 years; 

G2: 35 patients age from 31 to 40 years; 

G3: 50 patients age from 41 to 50 years; 

G4: 55 patients age from 51 to 65 years. 

2 – Acquisition of 3D images by stereophotogrammetry 

A Vectra H1 camera (Canfield Scientific, Inc, Fairfield, NJ, EUA), and the VAM 

elaboration software (Canfield Scientific, Inc), were used to acquisition and measures the 

distances between specific facial landmarks.13 The images were captured sequentially in the 

right, frontal, and left positions, and 10 anthropometrics landmarks pointed in the face before 

the capture (Figure 1, Table 1).14-18 

                                         

      Figure 1 – Anthropometrics landmarks 

 



 

 

Table 1 – List of anthropometrics landmarks 

 

Table 2 – List of the linear measurements 

Linear measurements 

Exo- Ch' (right and left) Distance between the Exocanthion to the Cheilion’ 

Pupil - Ch'' (right and left) Distance between the Pupil to the Cheilion’’ 

Sn-Gn Distance between Subnasale to Gnathion 

 

3. Statistical analysis 

Paired t-test was performed to analyze the correspondence of the measurements 

proposed by the Willis metrical method between the gouge and the literature and with the 

lower third of the face (Sn-Gn). The ANOVA one-way was performed to evaluate the 

differences between Sn-Gn in all groups. All data were analyzed using JAMOVI v.1.2 (The 

jamovi project, Sidney, Australia). 

RESULTS 

The first assessment performed in the study was to analyze the correspondence of the 

measurements in the method proposed by Willis1 in the literature (Pupil-Ch’’) and by the 

gauge utilization (Ex-Ch’). The results showed that the description of the method in the 

literature was different than the usual evaluated by the clinicians using the Willis gauge 

(Table 3). 

Anthropometric 

landmarks 

Definition 

Exocanthion (Ex R/L) The point at the outer commissure of the eye fissure (right and left); 

Subnasale (Sn) 
The midpoint of the angle at the columella base where the lower border of the 

nasal septum and the surface of the upper lip meet; 

Gnathion (Gn) The lowest median landmark on the lower border of the mandible; 

Cheilion (Ch R/L) The point located at each labial commissure (right and left); 

Cheilon’ (Ch’ 

R/L)/(Ch’’R/L) 

The point located in the cheilion, projecting a straight line laterally at each labial 

commissure (right and left); 

Pupil (Pup R/L) The center of the eye (right and left) 



 

 

Table 3- Paired t test between the measurements utilized with the Willis compass and the 

Willis description of the metric method 

Willis Compass 

measures 
Mean±SD 

Willis Method metric 

description 
Mean±SD p 

Exo R - Ch´R 68.6±4.16 Pupil R - Ch'' R 70.2±4.19 < .001* 

Exo L - Ch´L 67.9±4.24 Pupil L - Ch'' L 69.7±4.24 < .001* 

*Statistical differences (p≤0.05) 

Following the pertinent comparisons in each individual, the second analysis was the 

difference between the measurements and the lower third of the face (Sn-Gn). The results 

showed statistical differences in the majority of measurements, except in the Pupil L- Ch’’ L 

(Table 4). 

Table 4- Paired t test between the measurements proposed to Willis to verify the lower third 

of the face which was determined by the measure Sn-Gn 
Willis Method Measures 

Lower Third of the face (Sn-Gn) p 
Mean±SD 

Exo R - Ch´R 68.6±4.16 69.3±5.81 0.021* 

Exo L - Ch´L 67.9±4.24 69.3±5.81 < .001* 

Pupil R - Ch'' R 70.2±4.19 69.3±5.81 0.002* 

Pupil L - Ch'' L 69.7±4.24 69.3±5.81 0.218 

*Statistical differences (p≤0.05) 

The ANOVA one-way was performed to evaluate if were differences among ages in 

all measurements in the Willis metrical method. The results showed statistical differences in 

two measurements, ExR-Ch’R between G2 and G3 and in Pupil R-Ch’’R among G1 and G2 

compared with G3 (Table 5). 

Table 5- ANOVA one-Way among the groups divided by ages (G1, G2, G3 and G4) in all 

measurements  

*Statistical differences (p≤0.05) 

 

Measures G1 (n=45) G2 (n=36) G3 (n=51) G4 (n=54) F df1 df2 p 

Sn - Gn 69.1±6a 68.5±4.84a 70.5±5.78a 68.8±6.23a 1.21 3 98.8 0.31 

Exo R - Ch´R 67.7±4.02ab 67.2±3.81a 69.8±4.13b 69±4.24ab 3.85 3 97.7 0.012* 

Exo L - Ch´L 67.2±4.04a 67.3±3.79a 68.5±3.98a 68.3±4.86a 1.37 3 98.1 0.25 

Pupil R - Ch'' R 69.2±3.77ac 68.7±3.53ac 71.5±4.34b 70.8±4.34abc 5.17 3 98.7 0.002* 

Pupil L - Ch'' L 68.7±3.95a 68.7±3.36a 70.5±4.17a 70.3±4.85a 2.70 3 99.5 0.05 



 

 

DISCUSSION 

The present study based on the method proposed by Willis1 to determine the OVD from the 

rest vertical dimension (RVD) and compared, through stereophotogrammetry, the relationship 

between the measurements obtained from the Subnasale (Sn) to the Gnathion (Gn) in 186 

individuals separated into four age groups ranging from 20 to 65 years. The null hypothesis 

was partially rejected. The measurements taken by the Willis compass, used clinically, and 

compared with the dimension proposed by Willis from the pupil of the eye to the rima-oris 

line (commissure line in a straight line to meet with the vertical of the pupil) revealed a 

statistically significant difference, except for the left side. Considering that the measurement 

is commonly verified, by professionals, from the external corner of the eye (Exo R/L) to the 

line of the laterally projected commissure in a straight line (Ch'R/L) compared with the 

method proposed by Willis (Pupil R/L – Ch''R/L), there was a statistical difference on both 

sides, right and left. 

It is relevant to emphasize that prosthesis experts use the Willis compass to measure 

the distance from the outer corner of the eye (Exo R/L) to the commissure, tilting the tool, 

which alters the measurements significantly. Even if the instrument has stems that can 

compensate and adjust the trajectory in a straight line, the correct way to obtain the values is 

by tracing a straight vertical line from the outer corner of the eye (Exo R/L) to the lateral 

projection of the commissure in a straight line (Ch'/Ch''). 

The study by Alhajj et al.,16 contrasts with the present study, as the authors concluded 

that the distance from the outer corner of the eye to the labial commissure seems to be a 

reliable method to predict the OVD, being better to correlate it with the distance Pronasale 

(Prn) to the Pogonion (Pg). Brar et al.,3 also stated that the distance between the pupil and the 

labial commissure (the authors call it the stomion), but not in a straight line, can be used 

clinically as a guide to verify the OVD. Basnet et al.,4 also define the Rima oris point as the 

point located at the corner of the mouth. When correlating facial measurements with the 



 

 

OVD, they concluded that the measured distance between the pupil and the rima oris 

correlated with OVD more than other craniofacial measurements. Basnet et al., established 

the Prn-Pg landmarks as points for taking the OVD.4  

Comparing the measurements from exocanthus (R/L) to commissure (Ch'R/L), and 

pupil center (Pupil R/L) to commissure (Ch''), only the Pupil L-Ch''L measurements did not 

show a statistically significant difference. One alert lights on, most of the professionals are 

right-handed because approximately 90% of the population prefers the right side, and they 

evaluate the OVD by taking on the patient's right side.19 However, the left side is the side that 

is more compatible to aid in the establishment of OVD. Evaluating the established groups 

aged between 20 and 65 years, the left side (Exol-Ch'L and PupilL-Ch''L) was again more 

stable concerning the height of the lower third of the face (Sn-Gn). 

The authors who evaluated such anthropometric relationships3,16 did not refer to the 

evaluated sides (right or left). This reference is significant because Kazemi Ashtiani et al.,20 

compared the dimensions of the right and left sides in skulls and observed that the orbit 

measurements on the left side were bigger concerning the right side. In general, the left side 

of the face and body seems to be larger and wider than the right side, as reported in the 

literature,21-23 a hypothesis also confirmed in measurements performed from computed 

tomography scans of the chest and pelvis.23 Studies evaluating such differences in the face 

through stereophotogrammetry are scarce in the literature.  

However, the literature evaluates such differences between the facial s and cerebral 

hemispheres. It explains that such hemispheres are functionally asymmetric due to the 

morphogenetic link between the brain and the craniofacial appearance. Different patterns of 

neural innervation for the upper versus lower face, depending on the nature of the 

neurological control of the two sides of the face by the two cerebral hemispheres, reveal the 



 

 

complexity of facial muscle control. The mobility of facial expression also presents facial 

asymmetry.24 

Studies suggested that the left side of the face is more expressive of emotions: an 

asymmetry that probably stems from the dominance of the right hemisphere for emotional 

expression.25-27 Such functional asymmetry in facial expression may have some relation to the 

dimensional balance between the left and right hemiface.28  

 Finally, evaluating the groups, the right side showed a statistically significant 

difference in the ExoR-Ch'R measurement between the individuals of the G2 group (31 and 

40 years old) and G3 (41 to 50 years old) and the PupilR-Ch''R measure the group G3 showed 

a difference to G1 (20 and 30 years old) and G2. The present study did not assess gender and 

was concerned with evaluating the Willis method for taking OVD. The changes presented 

between groups G2 and G3 and between G1 and G3 caused surprise because such changes 

were expected in the G4 group. But it must be considered that the groups were dentate 

patients with occlusal stability and physiological wear. However, the changes in the groups 

lead us to infer that a G3 group is a transitional group, reaching menopause and andropause 

for women and men and revealing significant hormonal changes.29 

According to Othman et al. and Majeed et al., ethnic and gender differences are 

critical when dealing with craniofacial measurements, so such results should be considered 

with caution when trying to extrapolate to the general population.5,30 

The limitations of the present study include the Caucasian population, no differences 

between sex were evaluated, and the need for longitudinal studies that follow individuals to 

verify the aging process and the changes that occur in the measures in the individual in the 

different decades of life. 

CONCLUSION 

Based on the findings of this clinical study, the following conclusions were drawn: 



 

 

1. The use of Willis compass based on the description of the literature and based in 

the method used by clinicians is different from the measures using 

stereophotogrammetry.  

2. Only the measure Pupil L-Ch’’L can be useful to stablish the OVD. Differences 

were presented among ages only in ExoR-Ch’R and PupilR-Ch’’R showing that 

the left side is more stable than right side. 

 

 

 

 

 

 
 

 

 

 
  

 

 

 
 

 

 

 

  

 
 

 

 

 

 

 

 

 

 



 

 

REFERENCES 

1. Willis, FM. Esthetics of full denture construction. J Amer Dent Assoc 1930;17:636-641. 

2. Tina-Olaivar EO, Olaivar OK. A comparative study of the upper and lower vertical facial 

measurements of the Filipinos as it is used in the Willis method for determining the vertical 

dimension of occlusion. J Philipp Dent Assoc 1998;50:44-8.  

3. Brar A, Mattoo KA, Singh Y, Singh M, Khurana PRS, Singh M. Clinical Reliability of 

Different Facial Measurements in Determining Vertical Dimension of Occlusion in Dentulous 

and Edentulous Subjects. Int J Periodontics Restorative Dent 2014;4:68-77. 

4. Basnet BB, Singh RK, Parajuli PK, Shrestha P. Correlation between Facial Measurements 

and Occlusal Vertical Dimension: An Anthropometric Study in Two Ethnic Groups of Nepal. 

Int J Dent Sci Res 2014;2:171-4. 

5. Majeed MI, Haralur SB, Khan MF, Al Ahmari MA, Al Shahrani NF, Shaik S.  An 

Anthropometric Study of Cranio-Facial Measurements and Their Correlation with Vertical 

Dimension of Occlusion among Saudi Arabian Subpopulations. Maced J Med Sci 2018;6:680-

86. 

6. McGee GF. 1947. Use of facial measurements in determining the vertical dimension. J Am 

Dent Assoc 1947;35:342–35. 

7. Pound E. 1966. The mandibular movements of speech and their seven related values. J 

Prosthet Dent 1966;16:835–843. 

8. Sforza C, Ferrario VF. Soft-tissue facial anthropometry in three dimensions: from 

anatomical landmarks to digital morphology in research, clinics and forensic anthropology. J 

Anthropol Sci 2006;84:97-124.  

9. De Menezes M, Rosati R, Ferrario VF, Sforza C. Accuracy and Reproducibility of a 3-

Dimensional Stereophotogrammetric. J Oral Maxillofac Surg 2010;68:2129-2135.  

10. Sforza C, De Menezes M, Ferrario V. Soft- and hard-tissue facial anthropometry in three 

dimensions: what’s new. J Anthropol Sci 2013;91:159-184. 



 

 

11. Altorkat Y, Khambay BS, McDonald JP, Cross DL, Brocklebank LM, Ju X. Immediate 

effects of rapid maxillary expansion on the naso-maxillary facial soft tissue using 3D 

stereophotogrammetry. Surgeon 2016;14:63-68. 

12. Diouf JS, Ngom PI, Fadiga MS, Badiane A, Diop-ba K, Ndiaye M, et al. Vertical 

photogrammetric evaluation of the soft tissue profiles of two different racial groups: A 

comparative study. Int Orthod 2014;12:443-57. 

13. Camison L, Bykowski M, Lee WW, Carlson JC, Roosenboom J, Goldstein JA, et al. 

Validation of the Vectra H1 portable three-dimensional photogrammetry system for facial 

imaging. Int J Oral Maxillofac Surg. 2018;47:403-10. 

14. De Menezes M, Rosati R, Ferrario VF, Sforza C. Accuracy and Reproducibility of a 3-

Dimensional Stereophotogrammetric. J Oral Maxillofac Surg 2010;68:2129-35. 

15. Alhajj MN, Khalifa N, Abduo J, Amran AG, Ismail IA. Determination of occlusal vertical 

dimension for complete dentures patients: an updated review. J Oral Rehabil 2017;44:896–

907. 

16. Alhajj MN, Khalifa N, Amran AG. Eye-rima oris distance and its relation to the vertical 

dimension of occlusion measured by two methods: Anthropometric study in a sample of 

Yemeni dental students. Eur J Dent 2016;10:29-33. 

17. Young-Kyun K, Nam-Ki L, Sang-Woon M, Moon-Jung J, Hyun-Suk K, Pil-Young Y. 

Evaluation of soft tissue changes around the lips after bracket debonding using three-

dimensional stereophotogrammetry. Angle Orthod 2015;85:833-40. 

18. Zacharopoulos GV, Manios A, Kau CH, Velagrakis G, Tzanakakis GN, De Bree E. 

Anthropometric Analysis of the Face. J Craniofac Surg 2016;27:e71-e75. 

19. Anett M. Left, right, hand and brain: The right shift theory. Erlbaum, Hillsdale, NJ; 1985 



 

 

20. Kazemi Ashtiani A, Azarbakhsh M, Hafezi F, Naghibzadeh B. Anthropometric Analysis of 

the Human Skull for Developmental Left-Sided Asymmetry, New Finding. Aesthetic Plast Surg 

2020;44:186-190.  

21. Hafezi F, Javdani A, Naghibzadeh B, Ashtiani AK. Laterality and Left-sidedness in the 

Nose, Face, and Body: A New Finding. Plast Reconstr Surg Glob Open 2017;28:e1590.  

22. Hafezi F, Naghibzadeh B, Nouhi A, Yavari P. Asymmetric facial growth and deviated nose: 

a new concept. Ann Plast Surg 2010;64:47-51.  

23. Hafezi F, Naghibzadeh B, Ashtiani AK, Guyuron B, Nouhi AH, Naghibzadeh G. Straight 

septum, crooked nose: an overlooked concept. Aesthetic Plast Surg 2014;38:32-40.  

24. Haraguchi S, Iguchi Y, Takada K. Asymmetry of the face in orthodontic patients. Angle 

Orthod 2008; 78:421–426. 

25. Borod JC, Koff E, Yecker S, Santschi C, Schmidt JM. Facial asymmetry during emotional 

expression: gender, valence, and measurement technique. Neuropsychologia 1998;36:1209 – 

1215.  

26. Haraguchi S, Takada K, Yasuda Y. Facial asymmetry in subjects with skeletal Class III 

deformity. Angle Orthod 2002;72:28– 35.  

27. Nicholls ME, Ellis BE, Clement JG, Yoshino M. Detecting hemifacial asymmetries in 

emotional expression with three- dimensional computerized image analysis. Proc Biol Sci 

2004; 271:663–668. 

28. Haraguchi S, Iguchi Y, Takada K. Asymmetry of the face in orthodontic patients. Angle 

Orthod 2008;78:421–426. 

29. Jones CM, Boelaert K. The Endocrinology of Ageing: A Mini-Review. Gerontology 2015; 

61:291-300.  

30. Othman SA, Majawit LP, Wan Hassan WN, Wey MC, Mohd Razi R. Anthropometric Study 

of Three-Dimensional Facial Morphology in Malay Adults. PLoS ONE 2016;11:e0164180. 



 

 

3 DISCUSSION 

In the present study, 186 patients aged between 20 and 65 years old, of both 

sexes were evaluated and linear facial measurements were associated with classical 

measures to determine the OVD, Sn - Gn (Subnasale - Gnathion) and Prn - Pg 

(Pronasale - Pogonion), through stereophotogrammetry.  

In the first paper, multiple linear regression was applied. Among the 13 

predictors analyzed, 4 and 3 significantly impacted the OVD for Sn–Gn and Prn-Pg 

models, respectively. The multiple regression model revealed that there is a prediction 

of measurements from the outer corner of the eyes to the commissure on the right side 

and from the outer corner of the eyes to the inner corner multiplied by two on the left 

side in both proposed models (Sn-Gn and Prn-Pg).  

Analyzing the sex is possible to infer that in the models presented, in which the 

female sex is the reference, from woman to man, there is an increase of 1.90 mm in 

the Sn-Gn model and 1.28 mm in the Prn-Pg model. It shows that the OVD values are 

higher in males, in agreement with Majeed et al., which evaluated the craniofacial 

measures correlation and OVD in the Saudi Arabian population using a caliper. The 

authors measured the OVD of Sn-Gn and found that the OVD mean in male (69.25 ± 

5.54) was higher than in female (57.41 ± 5.32).12 Thus, it is relevant to note that in all 

studies with anthropometric measures of the face, differences in gender and ethnicity 

must be considered, and the results analyzed with caution.10,12 

Several authors showed that the Prn-Pg model is the one reliable for taking the 

OVD, in agreement with Jakstatet al., which investigated the movement of the skin 

markings due to the contraction of the mimic muscles and concluded that the Prn point 

proved to be the least mobile landmark. In the first paper, the Sn-Gn model presented 



 

 

a coefficient of determination of 53% explained by this set of predictors, different from 

the 43% revealed by the Prn-Pg model.13 

These two models presented for obtaining the OVD, based on predictors, are 

relevant because the professional can choose one of them and consider which 

predictors are statistically significant. 

The second paper evaluate the method proposed by Willis3 to determine the 

OVD from the rest vertical dimension (RVD) and compared, through 

stereophotogrammetry, the relationship between the measurements obtained from the 

Subnasale (Sn) to the Gnathion (Gn). 

The measurements taken by the Willis compass, used clinically, and compared 

with the dimension proposed by Willis from the pupil of the eye to the rima-oris line 

(commissure line in a straight line to meet with the vertical of the pupil) revealed a 

statistically significant difference, except for the left side. Considering that the 

measurement is commonly verified, by professionals, from the external corner of the 

eye (Exo R/L) to the line of the laterally projected commissure in a straight line (Ch'R/L) 

compared with the method proposed by Willis (Pupil R/L – Ch''R/L), there was a 

statistical difference on both sides, right and left. 

It is relevant to emphasize that prosthesis experts use the Willis compass to 

measure the distance from the outer corner of the eye (Exo R/L) to the commissure, 

tilting the tool, which alters the measurements significantly. Even if the instrument has 

stems that can compensate and adjust the trajectory in a straight line, the correct way 

to obtain the values is by tracing a straight vertical line from the outer corner of the eye 

(Exo R/L) to the lateral projection of the commissure in a straight line (Ch'/Ch''). 

Evaluating the two studies presented, it seems that one is contrary to the other, 

which is not truthful. The first work aims to assess predictors through multiple 



 

 

regression to support taking the vertical dimension of occlusion. In the second one, the 

purpose was to evaluate how the method proposed by Willis is adequate and correctly 

used for obtaining the vertical dimension of occlusion. 
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ANNEX B – Termo de Consentimento Livre e Esclarecido 
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