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ABSTRACT

Different open bite indicators have been described in scientific 
literature. However, to attain proper and stable treatment it is 
important to be able to identify the etiology of the malocclusion. 
Facial patterns are directly related to growth direction, and therefore 
to the vertical behavior of bone bases. They embody a crucial 
factor for open bite expression. Description of facial pattern through 
cephalometric measurements supplies information of affected bone 
structures, providing thus an easier treatment. The aim of the present 
study was, using Bimler facial formula, to identify bone structures 
involved in open bite cases. Facial pattern was determined through 
upper basal angle, lower basal angle and suborbital facial index. 
The study encompassed 40 lateral skull x-rays taken from patients 
attending the Orthodontics clinic at the Graduate School, National 
School of Dentistry, National University of Mexico, within the 2004-
2006 period. Patients had received diagnosis of skeletal open bite. 
This diagnosis was emitted with the help of open bite cephalometric 
indicators. Dominant facial pattern in skeletal open bite was 
leptoprosopic. Six different relationships were found among upper 
and lower basal angles. Maximum open bite relation was 27.5% with 
both jaws involved, followed by 40% (M/L) with less severity, 5% 
(L/L) with greater compensation, 5% (D/M) and m/ML with 2.5%.

RESUMEN

Distintos indicadores de mordida abierta han sido descritos, sin 
embargo, para lograr un tratamiento adecuado y estable, es impor-
tante identifi car la etiología de dicha maloclusión. El patrón facial, 
que está directamente relacionado con la dirección de crecimiento, 
y por lo tanto con el comportamiento vertical de las bases óseas 
representa un factor crucial para la expresión de la mordida abierta. 
La descripción del patrón facial a través de medidas cefalométricas 
brinda información acerca de la estructura ósea afectada facilitan-
do así el tratamiento. El objetivo de este estudio es identifi car la(s) 
estructura(s) involucrada(s) en la aparición de la mordida abierta 
a través del patrón facial mediante la fórmula facial de Bimler. Se 
determinó el patrón facial mediante el ángulo basal superior, ángulo 
basal inferior e índice facial suborbital en 40 radiografías laterales 
de cráneo de pacientes que acudieron a la Clínica de Ortodoncia 
de la DEPeI de la FO UNAM de 2004-2006 diagnosticados con 
mordida abierta esqueletal mediante indicadores cefalométricos 
para mordida abierta. El patrón facial dominante en mordida abierta 
esqueletal corresponde al leptoprosopo. Se encontraron seis dife-
rentes relaciones entre los ángulos basales superior e inferior. La 
relación de máxima expresión de mordida abierta corresponde al 
27.5% (D/L) con ambos maxilares involucrados, seguido en menor 
severidad por el 40% (M/L), 20% (M/M), 5% (L/L) refl ejando la ma-
yor compensación, 5% (D/M) y MM/L con 2.5%.
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INTRODUCTION

In open bite cases, dysfunction can be primary or 
secondary. According to dysfunction location, open 
bite can be anterior or posterior. In cases of primary 
dysfunction having as main etiologic factor abnormal 
muscle function, the growth pattern is generally 
towards a middle or horizontal direction. In open bite 
problems with vertical growth, dysfunction is mainly 
secondary or adaptative. In cases with primary 
dysfunction and at least medium growth functional 
devices have greater probability of success.

Problems related to anterior and posterior 
dentoalveolar open bite can generally be attributed 

to abnormal posture and functioning of the tongue. 
In cases of mixed dentition, these problems normally 
respond successfully to treatment with functional 
devices. In skeletal open bite cases, growth pattern 
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is genetically determined and is frequently associated 
to a pronounced ante-gonial notch. This type of cases 
does not offer favorable prognosis for orthodontic 
treatment. Inclination of maxillary base must be taken 
into consideration in open bite problems. Maxillary 
base inclination can be due to functional factors as 
well as habits.1,2

In the case of a skeletal open bite, which 
progressively deteriorates because growth is clearly 
vertical, causal treatment is not possible. Since in these 
cases, lingual dysfunction is secondary to the primary 
morphogenetic base, therapeutic demands are more 
rigorous. The use of fi xed devices, frequently with tooth 
extractions, offer a more effi cient corrective approach. 
In extreme cases, orthognatic surgery is the only viable 
alternative after completion of growth period. In mixed 
dentition cases, partial improvement can be obtained 
through dysfunction elimination. Nevertheless, this 
does not mainly alter the growth pattern, which will at a 
later point require other therapeutic methods. Vertical 
growth can partly respond to fi rm orthopedic forces or 
to a specially designed activator. Fixed orthopedics 
with strong vertical traction can alter the direction of 
mandibular growth and at the same time restricting 
eruption of the posterior segment, while the activator 
has the potential to affect inclination of the maxillary 
base. Growth form analysis is necessary to determine 
which therapeutic approach is most likely to succeed. 
A proper cephalometric analysis allows classifi cation 
of open bite malocclusions.

In skeletal open bite cases, anterior facial height 
is excessive, especially at the level of the lower third, 
while the posterior height (ramus height) is short. 
The mandibular base is usually short and frequently 
exhibits ante-gonial notch. The symphysis is long 
and narrow, and the ascending ramus is short. The 
gonial angle (especially its lower section) is large, and 
growth pattern is vertical. According to the inclination 

of the maxillary base, or palatal plane, the following 
variations can be observed:

1. A vertical growth pattern is frequent in cases 
showing upper inclination of the front end of the 
maxillary base. An anomaly can be produced in 
certain patients, in which a series of unfavorable 
sequels combine to produce a serious skeletal open 
bite problem.

2. A vertical growth pattern with lower inclination of 
the front end of the maxillary base can also be 
observed.

3. Another variant includes a pattern of horizontal 
growth with open bite produced by an anterior-
superior inclination of the maxillary base.3

Bimler facial formula describes the facial pattern 
by relating three angles. The first one, sub-orbital 
facial index, identifies the general facial vertical 
behavior. Sub-orbital facial height is designed as 
the distance existing between the chin point and the 
horizontal FH. Facial depth is defi ned as the distance 
among FH projections from points A (A´) and C (TM). 
This index is graphically determined by marking 
the sub-orbital height FH-Me and transferring this 
measurement with a compass centered in A´ for FH 
(Figure1). If these markings are found in front of TM 
the face will be considered as dolichoprosopic or 
brachyfacial. In cases where markings are found at 
the TM and the point where the plane is longitudinally 
cut, we will have a mesoprosopic or mesofacial face. 
In cases where the markings are found beyond the 
clivus plane it will be leptoprosopic or dolichofacial 
face. The second angle is the upper basal angle. This 
angle is formed by the clivus plane and the palatal 
plane. (Figure 2) The third angle is the lower basal 
angle formed by the mandibular plane and palatal 
plane (Figure 3).
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Figure 1. Suborbital facial index. Figure 2. Upper basal angle. Figure 3. Lower basal angle.
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Values for every angle are shown in table I.
It is important to take into account the growth 

pattern. This is due to the many reactions of growth 
patterns in every individual to the neuromuscular 
anomalies and vice-versa. Diagnosis is a crucial 
factor in open bite problems. Indications for possible 
treatment must be established as well as a specifi c 
cephalometric analysis.

METHODS

The present study is of a descriptive and transversal 
nature. It is based upon cephalometric diagnosis of 
patients with skeletal open bite treated from 2004 to 
2006 at the Orthodontics Clinic of the Graduate School 
National School of Dentistry, National University 
of Mexico. The patients were diagnosed with the 
objective of determining variations in facial patterns. 
Points were traced, and after that, cephalometric 
planes were equally traced in the diagrams, on 
cephalometric tracing acetate with pencil number 5, 
Ricketts ruler and geometric squares.

One single operator performed the procedure so 
as to avoid technique discrepancies. With respect 
to the cephalometric analysis, skeletal open bite 
diagnosis was used with the following cephalometric 
measurements: palatine – FH, SN - mandibular (PM), 
upper (superior) gonial (Upp Go ) Lower gonial (Low 
Go), Ricketts facial height ( Rick height), anterior facial 
height (AFH) posterior facial height (PFH).

Pal-FH. Angle formed by palatal plane (ENA-ENP) 
and Frankfurt plane (Po-Or).

SN-PM. Angle formed by anterior cranial base (S-
N) and mandibular plane (Go-Me)

Upp Go. Angle composed by the posterior cranial 
base (S-N) and the mandibular plane Go-N.

Lower Go. Angle formed by Go-N plane and 
mandibular plane (Go-Me)

Rick height: Angle formed by ENA-Xi plane and 
plane Xi-Pm.

ODI is the arithmetic sum of the A-B plane angle to 
the mandibular angle, and of the palatine plane angle 
to the Frankfort horizontal plane.

AFA. Distance from point N to point Me.
AFP. Distance from point S to point Go
Upper basal angle (UBA). Angle formed by clivius 

plane and palatine plane.
Lower basal angle. Angle formed by palatal plane 

and mandibular plane.
Sub-orbital facial index (SFI). Sub-orbital facial 

height is defi ned as the distance between the Menton 
point and the FH. Facial depth is the distance between 
FH projections of points A (A’) and C’ (capitulare). This 
index is graphically determined by marking sub-orbital 
height FH-Me and transferring this measurement with 
a compass with center at A’ for FH (Figure 1).

Once the three variables of the Bimler facial formula 
were established for each sample, the formula was as 
follows: 

UBA
SFI

LBA  
,   example:    

D
L

L

RESULTS

In cases of skeletal open bite, dominant facial 
patterns corresponded to the leptoprosope. Six 
different relationships were found between upper and 
lower basal angles. Open bite maximum relationship 
corresponded to 27.5% (D/L) with both jaws involved. 
With lesser severity, they were followed by 40% (M/L), 
20% (M/M), 5% (L/L) refl ecting greater compensation, 
5% (D/M) and M M/L with 2.5% (Figure 4). Used 
statistical analysis was a one way T test. SPSS 
statistical program was used. Table II shows data on 
averages and standard deviation.

DISCUSSION

In 1974 Dr. Young H. Kim designed the Overbite 
Depth Indicator ODI, which was the arithmetic sum of 
A-B plane angle with the mandibular plane, and the 
palatal plane angle to the Frankfurt horizontal plane. 
Norm was 74.5 degrees with 6.07 standard deviation, 
a 68° or less value indicates skeletal open bite or 
tendency towards it.4

Table I. Cephalometric patterns according Bimler facial formula.

Facial pattern Upper basal angle Lower basal angle Suborbital facial index

Doliprosopic (Brachifacial) 50-60° 0-15° A’ before C
Mesoprosopic (Mesofacial) 60-70° 15-30° A’ at C
Leptoprosopic (Dolichofacial) Over 70° Over 30° A’ behind C
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Zou et al (2001) researched the different cranio-facial 
types of anterior open bite. Patients affl icted with anterior 
open bite were divided into three types: dentoalveolar, 
rotation, CW mandibular, long face, CCW maxillary 
(upper) rotation as well as skeletal class III.5

Tsuchida et al, (1989) studied morphological 
characteristics of patients afflicted with open bite 
who suffered disharmonies in anterior-posterior 
relationships between upper and lower jaw. They found 
more dentoalveolar factors in the group where ANB 
was lesser than 4.5°. Skeletal factors predominated in 
the group where ANB was lesser than 1°.6

Beane et al conducted a cephalometric comparison 
among African American and Caucasian patients with 
and without anterior open bite. They found that anterior 
open bite incidence is three to four times higher in 
African Americans than in Causasians.7

Stefan et al found that an increase in lower facial 
height during treatment tended to decrease overbite 
depth. Excessive increase in symphysis height could 
almost ensure relapse.8

Haralabakis (1994) assessed cephalometric 
characteristics which contributed to the development 
of open bite in adults. The assessment was conducted 
under tri-dimensional perspective with posterior-
anterior and lateral skull x- rays.9

Tanaka (1990) studied the morphological 
characteristics of Class I and Class II open bites.10

In the present study, in all measurements, lower 
goniac and mandibular angles were found to be most 
distant to their norms. In all cases, upper goniac 
angle was found to be decreased. This compensation 
explains the value, within the norm, of the total goniac 
angle. These fi ndings proved to be contrary to those 
encountered in other studies where total goniac angles 
were found to be increased.7,10 Posterior facial height 
was found to be within the norm. Anterior facial height 
was found to be increased, therefore, in that case, no 
compensation was encountered since, in all cases, 
growth direction was found to be below norm, that is 
to say CW.

CONCLUSIONS

No history was found concerning research on 
open bite in relation with facial pattern, therefore, 
comparison of results attained in this study was not 
possible. Nevertheless, it is noteworthy to mention 
that as was the case in this project, the attempt to 
classify open bite based on different parameters plays Figure 4. Facial patterns in skeletal open bite.
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Table II. Study results.

L D/L 27.5% L M/L 40% L M/M 20%

Average S.D. Average S.D. Average S.D.

Pal-FH  - 2.36  3.41  - 0.31  4.33  - 0.71  6.92
SN-GoMe  47.64  4.50  43.00  6.01  39.86  4.95
Upp gon  44.82  4.42  47.69  4.61  44.29  5.02
Low gon  82.27  7.39  83.38  6.10  79.43  4.16
Goniac  127.09  8.92  131.06  7.79  123.71  8.12
l Rick fac alt  54.64  4.01  52.69  5.77  46.57  8.72
Upp bas angl  58.82  1.54  65.50  4.47  63.86  2.34
Low bas angl  39.91  3.05  35.75  6.74  27.86  4.18
AB-GoMe  63.45  3.56  61.69  8.08  65.86  4.34
ODI  61.09  5.39  61.56  10.48  65.14  6.12
AFA  128.55  7.01  130.13  12.62  126.57  7.28
AFP  73.82  5.84  79.50  7.47  72.57  5.13
Direct Growth  0.57  0.04  0.61  0.04  0.57  0.05
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an essential role when emitting diagnosis and making 
decisions pertaining to orthodontic or orthodontic-
surgical treatment.

In the present study, it was generally found that 
there was a relationship between measurement of 
facial pattern and measurements commonly used 
to assess open bite severity. Nevertheless, it is 
suggested to expand the sample in future studies. 
Bimler facial formula could then be useful as an 
additional tool when emitting open bite diagnosis.

It is recommended to conduct further studies 
focused on facial patterns encountered in open 
bite cases, since this has a direct bearing on the 
vertical behavior of bony bases, and therefore 
could be considered the origin zone for this type of 
malocclusion.
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