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Facial type measurements influence on transverse dimensions of normal
occlusion arches
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Abstract 
Objective – To correlate facial type measurements of Caucasian individuals with transverse dimensions of normal occlusion arches.
Methods – Twenty-one pairs of dental models were selected according to the following inclusion criteria: presence of all permanent
teeth from 1st molar to 1st molar; normal occlusion; no prosthetic crowns; no previous orthodontic treatment and 2 mm or less of crow-
dings or spacings. The cephalometric measurements of lateral cephalometric X-ray of the same individuals were taken and tabulated.
To evaluate the repetition of arch measurements, paired Student’s t-test and Pearson's correlation coefficient were used. The relationship
between the measurements was analysed by using the Pearson’s correlation. Results – The repetition of the measurements showed high
correlation and no systematic error. In the comparison between the measurements, a moderate negative correlation was observed bet-
ween facial axis angle and the measurements Upper and Lower 6-6, whereas a positive correlation was observed between dentition
height and the latter. Conclusion – It was observed a negative correlation between facial axis angle and upper and lower inter-molar
distance as well as a positive correlation between dentition height and upper and lower inter-molar distance. 
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Resumo
Objetivo – Correlacionar medidas do tipo facial, em indivíduos leucodermas, com dimensões transversas das arcadas em oclusão normal.
Métodos – Vinte e um pares de modelos de gesso foram selecionados de acordo com os requisitos de inclusão: presença de todos os dentes
permanentes de 1° molar a 1° molar; oclusão normal; sem coroas protéticas; nenhum tratamento ortodôntico prévio e apinhamentos ou es-
paçamentos menores ou iguais a 2 milímetros. As medidas cefalométricas das telerradiografias laterais destes mesmos indivíduos foram
consultadas e tabuladas. Para a avaliação da repetibilidade das medidas das arcadas foram utilizados o teste t de Student pareado e o coe-
ficiente de Pearson. O grau de associação entre as medidas foi analisado pelo coeficiente de correlação de Pearson. Resultados – A repeti-
bilidade de medidas demonstrou alta correlação e ausência de erro sistemático. Na comparação entre as medidas houve correlação negativa
moderada do ângulo do eixo facial com as medidas Sup 6-6 e Inf 6-6 e correlação positiva da altura da dentição com as medidas Sup 6-6
e Inf 6-6. Conclusão – Houve correlação negativa entre ângulo do eixo facial e as distâncias intermolares superiores e inferiores e, correlação
positiva entre a altura da dentição e as distâncias intermolares superiores e inferiores.

Descritores: Face; Modelos dentários; Arco dental

Introduction
The earliest dental studies were already concerned

about the harmful effects of malocclusion, such as the
distortion of normal lines of the face. One of the objecti-
ves of orthodontics is to harmonise these lines with ideal
facial features of beauty according to the individuality of
each case. Therefore, it is important to keep in mind the
contours of a perfect face as well as the normal dental
occlusion as a model from which deviations can be ob-
served1. Dental arches exhibiting perfect intercuspidation
of the teeth and balanced function are fundamental for
diagnosing occlusion and maintaining its stability. Func-
tional changes cause physiological imbalance in the mus-
cle pressure exerted on dental arches, often resulting in
discrepancies like maxillary deficiency.

Cephalometric analyses and study models are crucial
tools for diagnosis and planning of clinical cases in ort-
hodontics and facial orthopedics. Adding this information
to clinical aspects, the practitioner can better individualise
their treatment planning. With regard to the type of face,
there are individuals tending to have a vertical pattern
with more elongated face, whereas others have a hori-

zontal trend with wider face. Among these groups, there
are also individuals presenting an average face in which
the vertical and horizontal proportions are in greater ba-
lance. The relationship between dental arch characteristics
and facial type can help the practitioner to individualise
the treatment, thus optimising the response to orthodontic
therapy. For individualisation of the orthodontic treatment
planning, the practitioner should know the characteristics
of normality according to age, gender, ethnic group, and
facial type. However, there has been little research on
the facial relationship between vertical morphology and
dental arches with normal occlusion2.

The objective of the present work was to correlate fa-
cial type measurements obtained from Ricketts cepha-
lometric analysis3 of Caucasian individuals to those from
transverse dimensions on dental models with normal
occlusion.

Methods
Twenty-one pairs of orthodontic dental models from

Brazilian Caucasian white students aged 12-17 years old,
all presenting normal occlusion, were selected for study.



The cephalometric measurements of lateral teleradio-
graphs of these individuals were obtained from the Prof.
Kurt Faltin Jr’s archive, with data being entered into an
electronic spreadsheet (MicrosoftTM Office Excel, version,
2007). The UNESP-Araraquara research ethics committee
has previously approved the study (Protocol #30/09).

When the original dental models were made, irrever-
sible hydrocolloid material (alginate) was used for the
impressions of the dental models while wax bite record
was obtained at centric occlusion. The resulting moul-
dings were filled with orthodontic plaster to produce the
study models. The bases of the models were trimmed,
according to Balters4 (1969), following the Camper’s plane
as reference.

Transverse analysis of dental arches performed on the
dental models was based on the landmarks of Pont’s ana-
lysis, with landmarks modified by Korkhaus5. These land-
marks are located at the pre-molar and molar regions,
corresponding to the centre of mesio-distal sulcus of up-
per first pre-molars and to the central fossa of upper first
molars, whereas the most anterior landmarks are buccally
located at the contact point between lower first and se-
cond pre-molars and more posteriorly at the tip of the
central buccal cusp of lower first molars. The distances
between landmarks located on pre-molars and between
those located on upper and lower molars were measured
by means of digital calliper (DIGIMESSTM) and are the
following: 

• Upper 4-4: Distance between the centres of mesio-
distal sulcus of upper first pre-molars; 

• Upper 6-6: Distance between central fossae of upper
first molars;

• Lower 4-4: Distance between the buccal faces of lo-
wer first pre-molars; 

• Lower 6-6: Distance between the tips of the central
buccal cusp of lower first molars.

These distances were correlated to the facial type mea-
surements proposed in the Ricketts cephalometric analy-
sis3, namely: facial axis angle (FAA), which is the poste-
rior-lower angle measurement formed by the intersection
of facial axis (pterygoid-gnathion) with basion-nasion
plane; total facial height (TFH), which is the anterior-
lower angle measurement formed by basion-nasion plane
and mandible body, that is, Xi-PM (centre of the ascending
ramus to mentonian process); and dentition height (DH),
which is the anterior-lower angle measurement formed
by Xi-ENA (centre of the ascending ramus to anterior
nasal spine) and Xi-PM (centre of the ascending ramus to
mentonian process). The measurements of these angles
were only obtained and tabulated as they had already
been traced for standardisation of the use of the sample. 

For assessment of the repetition of transverse arch di-
mensions on dental models, which was performed by
the same examiner, Student’s paired t-test was used for
verifying systematic error while Pearson’s correlation coef-
ficient for determining the degree of relationship between
both measurements at a 1-week interval. It is important
to point out that such assessment was carried out only
for arch measurements. 

The degree of correlation between the pairs of measu-
rements was analysed by using the Pearson’s correlation

coefficient. All statistical analyses were performed at 5%
significance level. 

Results
Assessment of the repetition of transverse measurements

has shown a correlation higher than 0.995. Student’s t-
test indicated no existence of systematic error from one
measurement to another (p > 0.05). 

Higher correlation was observed in transverse arch
measurements for pairs of plaster casts: Upper 4-4 and
Lower 4-4 had correlation coefficient of 0.701, whereas
Upper 6-6 and Lower 6-6 had 0.925. Among the variables
obtained from cephalometric measurements, FAA was
found to be negatively correlated to TFH and DH, thus
showing correlation coefficients of -0.856 and -0.797,
respectively. On the other hand, the correlation coefficient
was positive (0.760) between TFH and DH.

Table 1 lists the Pearson’s correlation coefficients bet-
ween transverse measurements of the arches and cepha-
lometric measurements which determine the facial type.
The measurements showing statistically significant cor-
relation were the following: facial axis angle (FAA), which
had negative correlation with arch measurements (Upper
6-6 and Lower 6-6), and dentition height (DH), which
had positive correlation with the latter. However, corre-
lations were moderate despite being significant. 

Table 1. Pearson’s correlation coefficient

  
Models

Cephalometric measures

  F.A.A. T.F.H. D.H.
  Upper 4-4 -0.166 0.114 0.33
  p=0.473 p=0.623 p=0.144

  Upper 6-6 -0.576 0.367 0.492
  p=0.006** p=0.102 p=0.023*

  Lower 4-4 -0.27 0.218 0.394
  p=0.237 p=0.343 p=0.077

  Lower 6-6 -0.531 0.287 0.51
 p=0.013* p=0.207 p=0.018*

(*) 0.01<p≤0.05 (**) p≤0.01

Discussion 
In the present study, only individuals with normal 

occlusion have been evaluated because they were less
likely to have dental compensations compared to those
cases of malocclusion, since some authors studying the
dental arch width observed that malocclusions can be
originated from upper posterior teeth6.

In order to standardise the sample, only Caucasian in-
dividuals were selected for study as there is ethnic in-
fluence on the measurements of skeleton7-8, teeth and
soft tissue7.

The transverse arch measurements on dental models
showed correlations between upper and lower inter-pre-
molar dimensions as well as between upper and lower
inter-molar dimensions. In the cases of normal occlusion,
the transverse distances in upper arch are equivalent to
those in lower arch at the pre-molar and molar regions,
thus indicating a good transverse relationship with no
cross-bite or atresia. With regard to the posterior-anterior
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cephalometry, all dental measurements were found to
be highly correlated between themselves9. 

With regard to angular variables, the facial axis angle
was negatively correlated with dentition height and total
facial height. This occurred due to the fact that the facial
axis angle was measured at the lower-posterior region of
the intersection between facial axis and basion-nasion
plane, meaning that the greater the angle the less the den-
tition and total facial heights. The contrary is also true. 

The comparison of facial measurements with transverse
arch dimensions showed that facial axis angles had a ne-
gative correlation in relation to upper and lower inter-
molar distances. On the other hand, dentition height had
a positive but moderate correlation. Despite the tendency
of one measurement to follow another one’s variation,
one cannot state that a given variation in facial measure-
ment will predict the variation in transverse arch measu-
rement. These results can be related to the fact that molars
tend to incline buccally as the mandibular width increa-
ses10. Because of the increase in vertical dimensions, the
upper posterior teeth become buccally inclined and con-
sequently there is a tendency of greater lingual inclination
for decreased vertical dimensions11.

On the other hand, cephalometric posterior-anterior mea-
surements showed that smaller skeletal and dental widths
were found in vertical facial patterns,10 whereas the ma-
xillary-mandibular difference in molars was the same12.

A study reported that Caucasian individuals are more li-
kely to have normal occlusion in the horizontal facial pat-
tern as they presented greater inter-canine and inter-molar
distances13, which is in opposition to our findings. In anot-
her study on cases of 9-mm crowding or spacing, it was
observed that arch widths tend to decrease as facial pattern
becomes more vertical. On the other hand, lower arch ex-
hibited no narrowing of inter-molar width with the vertical
increase of the face14, but controversy does exist15.

Rather than dividing the sample into three facial types,
the present work has aimed at using angles of this facial
pattern and correlating them to transverse measurements
of the dental arches. Those cases of severe vertical patterns
were not observed in the sample because they are proba-
bly seldom found in individuals with normal occlusion.

The morphological characteristics related to mastica-
tory functions and facial types have been associated with
thickness of mandibular cortical bone and buccal-lingual
inclination of first and second molars. The masticatory
muscle activity has influence on occlusion, form of den-
tal arches and mandibular shape. Lower molars erupt
lingually and then incline buccally due to tongue pres-
sure and masticatory function, thus occupying a position
of equilibrium between lingual and buccal pressures.
When the lingual volume of long-face individuals is
equal to that of short-face ones, their molars receive a
high pressure despite the narrowed arch and verticalisa-
tion occurs as a result. The buccal cortical bone thickness
is greater in short-face individuals than in long-face ones,
and during the masticatory function teeth are supported
by this massive bone structure, leading to a lingual in-
clination greater than that in individuals with average
and vertical facial types16. Such evidence suggests that
measurements of transverse mandibular dimensions

found in the present study are due to dental inclinations
resulting from physiological muscle stress. Patients with
oral habits or using oral breathing devices with muscle
imbalance can have a decrease in the mandibular inter-
canine distance as well as in both mandibular and ma-
xillary inter-molar distances17. 

Those results obtained called the orthodontist and facial
orthopedics professional attention because it considers
only normal relationships that happens in a very few cases
even in early dentition stages18, because it depends on
anatomical and functional characteristics working together
to achieve and maintain the balance. Because the cases
in the present study exhibited normal occlusion, it is likely
that functional balance was present in all facial patterns.
The correlations found between dental and facial measu-
rements may be the result of physiological muscle stress. 

Conclusion
In the sample of the present study, it was observed a

negative correlation between facial axis angle and inter-
molar distances in upper and lower arches as well as a
positive but moderate correlation between dentition
height and inter-molar distances in both arches. 

Acknowledgements
My sincere thanks to Professor Kurt Faltin Jr. from De-

partment of Orthodontics and Pediatric Dentistry, Uni-
versidade Paulista-São Paulo that gently provided the
sample for this research.

References
1. Angle EH. Classification of malocclusion. Dent Cosmos. 1899;
41:248-64;350-7.

2. Ursi WJ, Trotman CA, McNamara JA Jr., Behrents RG. Sexual di-
morphism in normal craniofacial growth. Angle Orthod. 1993;63
(1):47-56.

3. Ricketts RM. Provocations and perceptions in cranio-facial ort-
hopedics: dental science and facial art. Denver: Rocky Mountain
Orthodontics; 1989.

4. Balters W. Guia de la tecnica del Bionator. Trad. por Victor Schul-
kin. Buenos Aires:  Mundi; 1969.

5. Oliveira LA. Estudo das medidas da análise de modelos de Pont,
modificada por Korkhaus, de jovens, brasileiros, leucodermas, com
oclusão normal. Rev Goiana Ortod. 1995;2:26-33.

6. Basaran G, Hamamci N, Hamamci O. Comparison of dental arch
widths in different types of malocclusions. World J Orthod. 2008;
9(1):e20-8.

7. Basciftci FA, Uysal T, Buyukerkmen A. Craniofacial structure of
Anatolian Turkish adults with normal occlusions and well-balanced
faces. Am J Orthod Dentofacial Orthop. 2004;125(3):366-72.

8. Behbehani F, Hicks EP, Beeman C, Kluemper GT, Rayens MK.
Racial variations in cephalometric analysis between Whites and Ku-
waitis. Angle Orthod. 2006;76(3):406-11.

9. Snodell SF, Nanda RS, Currier GF. A longitudinal cephalometric
study of transverse and vertical craniofacial growth. Am J Orthod
Dentofacial Orthop. 1993;104(5):471-83.

10. Wagner DM, Chung CH. Transverse growth of the maxilla and
mandible in untreated girls with low, average, and high MP-SN an-
gles: a longitudinal study. Am J Orthod Dentofacial Orthop. 2005;
128(6):716-23; quiz 801.

22 Facial type and transverse measuresJ Health Sci Inst. 2013;31(1):20-3



Gallão S, Faltin Jr. K, Santos-Pinto L, Santos-Pinto A, Martins LP. J Health Sci Inst. 2013;31(1):20-323

11. Janson G, Bombonatti R, Cruz KS, Hassunuma CY, Del Santo
M, Jr. Buccolingual inclinations of posterior teeth in subjects with
different facial patterns. Am J Orthod Dentofacial Orthop. 2004;
125(3):316-22.

12. Chen F, Terada K, Wu L, Saito I. Dental arch widths and man-
dibular-maxillary base width in Class III malocclusions with low,
average and high MP-SN angles. Angle Orthod. 2007;77(1):36-41.

13. Christie TE. Cephalometric patterns of adults with normal occlu-
sion. Angle Orthod. 1977;47(2):128-35.

14. Forster CM, Sunga E, Chung CH. Relationship between dental
arch width and vertical facial morphology in untreated adults. Eur
J Orthod. 2008;30:288-94.

15. Nasby JA, Isaacson RJ, Worms FW, Speidel TM. Orthodontic
extractions and the facial skeletal pattern. Angle Orthod. 1972; 42
(2):116-22.

16. Tsunori M, Mashita M, Kasai K. Relationship between facial
types and tooth and bone characteristics of the mandible obtained
by CT scanning. Angle Orthod. 1998;68(6):557-62.

17. Aznar T, Galan AF, Marin I, Dominguez A. Dental arch diameters
and relationships to oral habits. Angle Orthod. 2006;76(3):441-5.

18. Shalish M, Gal A, Brin I, Zini A, Ben-Bassat Y. Prevalence of
dental features that indicate a need for early orthodontic treatment.
Eur J Orthod. first published online March 30, 2012 doi:10.1093/
ejo/cjs011.

Corresponding author: 

Simone Gallão
Rua Sete de Setembro, 668 apto. 141 – Centro  

Ribeirão Preto-SP, CEP 14010-180
Brazil

E-mail: sgallao@me.com

Received April 4, 2012
Accepted August 2, 2012


