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Abstract
Vertical cephalometric analysis is a new cephalometric diagnostic method, created and studied by the author, which 
allows us to identify objectively the dental and skeletal components found in certain types of open bites.
Down’s Syndrome patients frequently have this type of malocclusion which produces a significant dysfunction of the 
whole stomatognathic system.  The primary complication of the treatment lies in the difficulty of identifying exactly 
how much of an open bite is dental and how much is skeletal; indeed, it is precisely this extremely important factor 
where this diagnostic method will be useful.  Only two indexes are needed.  The first, called SOBI (skeletal open bite 
index), measures the skeletal component, while the DOBI (dental open bite index) measures the dental component.  
The quantitative value of both components will establish a diagnosis-prognosis for the patient.
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Introduction
Open bites are a type of malocclusion characterized by 
the teeth of the upper arch not coming into contact with 
those of the lower arch, whether they be anterior, posterior 
or complete.
Open bites are usually classified as a so-called vertical 
malocclusion because it is in this facial plane where we 
can best work out a precise diagnosis.
The functional repercussion brought about by this type 
of  malocclusion is very broad and significant due to 
the fact that it produces the total or partial disability of 
almost all the functions of the stomatognathic system, 
especially those related to chewing and swallowing.  The 
chewing function is affected since the intercuspid contact 
is extremely limited, particularly when the open bite is 
complete, that is, both anterior and posterior.  Swallowing 
is also affected since the tongue has to seal the open space 
in order to achieve an adequate closure of the oral cavity.  
This is why we will invariably find atypical swallowing, 
also called infantile swallowing, in all open bites.

The appearance of open bites in certain vertical (dolichofa-
cial) growth patterns will negatively affect this growth with a 
tendency to make the mandible turn clockwise and become 
larger, hence, the vertical problem of the patient (1).  This 
problem also has an aesthetic repercussion since it causes 
the lower third of the patient’s face to enlarge, possibly pre-
venting closure of the lips and a tendency to oral breathing 
(2).  These processes, in turn, end up making the open bite 
even worse.  Therefore, as can be seen, all these factors work 
together to worsen the initial malocclusion (3). 
In general, open bites are classified into dentoalveolar and 
skeletal categories (1).  This classification, purely structu-
ral, includes a prognosis typification since dentoalveolar 
open bites will have, in principle, a good prognosis and res-
pond well to orthordontic treatment, while skeletal open 
bites have a bad prognosis and their treatment is normally 
directed towards surgical correction.  The main problem 
lies in being able to distinguish one type of open bite from 
the other, a task that can be quite difficult especially in 
mixed cases which are, in fact, the most common.
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Chronologically, most open bites develop at an early stage 
as a consequence of certain habits or oral dysfunctions and 
it is the subsequent growth of the patient that determines 
the skeletal component of the malocclusion.  To avoid 
this worsening of the problem it is important to control 
the vertical component of this growth (4), however, this 
goal can sometimes be unachievable.  In fact, if  we could 
control the patient’s vertical growth, we could almost cer-
tainly correct all malocclusions (5).  Nevertheless, where 
we can make progress is in gaining in-depth knowledge 
about the skeletal and dentoalveolar components of  a 
particular open bite through a cephalometric diagnosis 
system which tells us from the start exactly what the co-
rrective possiblilities of the malocclusion are.

Open bites in patients with Down’s Syndrome
Down’s Syndrome is one of the most frequent chromoso-
matic anomalies and represents 10% of all oligofrenias.  It 
was described by L. Down in 1896 and is commonly known 
as mongolism due to the craniofacial features shared by 
these patients, especially an anomalous development of 
the skull, mandibular hypoplasia and a higher rate of 
malocclusion than in the general population (6-15).
The most frequent occlusal alterations present in these 
patients are bone class III, dental ageneses and open bi-
tes.  The craniofacial morphology of Down’s Syndrome 
patients, and in particular the sagittal reduction in size of 
the anterior cranial fossa, can often induce the specialist to 
erroneously make a class III diagnosis (16).  Dental ageneses 
are extremely common, especially for upper lateral incisors 
and lower second premolars.  However, in spite of the high 
rate of the aforementioned malocclusions, the one that will 
have the greatest negative impact on the patient is an open 
bite, considering that it is the malocclusion calling for the 
most complex treatment.  The causes of this high incidence 
of open bites (11,15,17,18) can be quite varied.  It is worth 
mentioning the characteristic macroglossia found in this 
Syndrome and that it tends to produce a dental biprotrusion 
accompanied by an anterior open bite.  Another cause can 
be the deficient development of the mandibular condyle 
which originates a characteristic micrognathia that favors 
the subsequent appearance of an open bite.
Open bites in Down’s Syndrome patients have a skeletal 
root which makes the prognosis quite negative.  However, 
if  we could pin down this fact objectively we would be 
more confident when deciding whether or not to treat the 
patient and even, perhaps, fail in giving him the necessary 
treatment due to a badly established prognosis.
This is precisely the objective of this paper.  We will put 
forward an original, new cephalometric method that will 
try to solve the problem of identifying and diagnosing 
open bites, measuring the dentoalveolar and skeletal 
components separately.

Therapeutic focus for open bites in Down’s Syndrome 
patients
When confronted with any kind of malocclusion in a patient 
with Down’s Syndrome it is necessary to consider a series 
of objectives that are not applicable when treating normal 
patients with the same problem.  The first thing we have to 
do is establish the degree of functional discapacity that the 
malocclusion produces in the patient.  In the case of open 
bites, this degree of dysfunction is generally very high.  The 
priority is precisely to determine what type of open bite we 
are being confronted with.  In order to do so, we look to the 
clinical, cephalometric differential diagnosis.
Once we have determined these aspects, it will be neces-
sary to choose what type of appliance we will be using, 
considering the advantages and disadvantages for each 
particular case.  In general, many problems arise with the 
use of removable appliances in these patients because for 
these solutions to work, the patient has to cooperate and 
understand the problem.  Permanent appliances do away 
with these disadvantages, but they are more complex and 
require good hygiene.

Description of Vertical Cephalometric Analysis
Vertical cephalometric analysis is a calibrated method 
specifically for the differential diagnosis of skeletal and 
dentoalveolar open bites.

Cephalometric Landmarks
1. Skeletal Cephalometric Landmarks
1.1. Nasion (Na): the most anterior point of the frontal-
nasal suture
1.2. Sella turcica (S): geometric center of the sella turcica 
of the sphenoid
1.3. Suborbitale (Or): the lowest point of the orbit
1.4. Porion (Po): the highest point on the external rim of 
the external auditive meatus
1.5. Anterior nasal spine (ANS): the most anterior point 
of the upper maxilla
1.6. Posterior nasal spine (PNS): the most posterior point 
of the upper maxilla
1.7. Gonion (Go): meeting point of the bisection formed 
by the tangent along the lower rim of the mandibular mass 
and the tangent along the posterior rim of the ramus
1.8. Gnathion (Gn): Mid-point of the bisection of the 
angle formed by the tangent along the lower rim of the 
mandibular mass and a tangent perpendicular to this one 
along the most anterior part of the mentum.
1.9. Ramus 1 (R1): the most posterior point of the conca-
vity of the anterior rim of the ascending ramus
1.10. Ramus 2 (R2): Parallel point to the Frankfort plane 
from Ramus 1

2. Dental cephalometric landmarks
2.1. Upper incisor rim (Isb):  the most incisal point of the 
vestibular face of the upper incisor
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2.2. Upper incisor apex (Isa): the point at the furthest tip 
of the radicular structure of the upper incisor
2.3. Lower incisor rim (Iib):  the most incisal point of the 
vestibular face of the lower incisor
2.4. Lower incisor apex (Iia): the point at the furthest tip 
of the radicular structure of the lower incisor
2.5. Upper first molar occlusal (MS): halfway point of the 
occlusal face of the upper first molar
2.6. Lower first molar occlusal (MI): halfway point of the 
occlusal face of the lower first molar

Skeletal cephalometric planes
1. SN plane.  Between the sella (S) landmark and the 
nasion (N)
2. Frankfort plane.  Between the Suborbitale (Or) land-
mark and the porion (Po)
3. Palatal plane.  Between the anterior and the posterior 
nasal spines
4. Mandibular plane.  Between the gonion and the gna-
thion
5. Mandibular ramus.  Between landmarks R1 and R2.

Dental cephalometric planes
1. Upper incisor axis.  Between the apex landmark (I.Sa) 
and the incisor landmark (I.Sb)
2. Lower incisor axis.  Between the apex landmark (I.Ia) 
and the incisor landmark (I.Ib)
Cephalometric measurements
1. Angular cephalometric measurements
1.1. PP/SN: SN plane with palatal plane 
1.2. FH/PP: Frankfort plane with palatal plane 
1.3. SN/PM: SN plane with mandibular plane
1.4. FH/PM: Frankfort plane with mandibular plane
1.5. Gonion: Mandibular plane with a plane of the ramus

2. Linear Cephalometric Measurements
2.1. I:Sa – PP: perpendicular from I.Sa to the palatal 
plane
2.2. I:Sb – PP: perpendicular from I.Sb to the palatal 
plane 
2.3. I.Ia – PM: perpendicular from I.Ia to the mandibular 
plane 
2.4. I.Ib – PM: perpendicular from I:Ib to the mandibular 
plane
2.5. MS – PP: perpendicular from the occlusal landmark 
of the upper molar to the palatal plane
2.6. MI – PM: perpendicular from the occlusal landmark 
of the lower molar to the mandibular plane
2.7. Ramus width: distance between the two landmarks 
R1 and R2

Cephalometric standards
1. Cephalometric standards for angular values
SN/PP: 8º (SD=2)
FH/PP: 1º (SD=2.5)

SN/PM: 32º (SD=4)
FH/PM: 25º (SD=3)
Gonion: 120º( SD=5) 
2. Cephalometric standards for linear values
I.Sb-PP: 27mm (SD=2)
I.Sa-PP: 7 mm (SD=1)
I.Ib-PM: 40 mm (SD=2)
I.Ia-PM: 20 mm (SD=1
MS-PP: 23 mm (SD=2)
MI-PM: 32 mm (SD=2)
Ramus: 32 mm (SD=2)

VCA: Diagnosis with indexes
The fundamental value of the cephalometric analysis that 
we are describing lies mainly in its capacity to describe the 
dental and skeletal components of an open bite qualita-
tively as well as quantitatively.  Furthermore, by doing 
so, it allows us to predict the prognosis and the different 
possible treatments.
In order to carry this out, we have developed two indexes: 
the skeletal open bite index (SOBI) and the dental open 
bit index (DOBI).

Skeletal open bite index (SOBI)  (Table 1)
The value of this index is that it allows us to find out the 
skeletal component of the open bite.  The measurements 
which it is composed of are the following:
1. Maxillary measurements:
PP/SN
PP/FH
2. Mandibular measurements:
PM/SN
PM/FM
Gonion
Ramus
As can be seen, all the SOBI measurements are angular, 
except for the ramus.  Each cephalometric parameter will 
have a positive or negative value depending on how it 
compares to the cephalometric standard.  (See Table.)

Dental open bite index.  (Table 2)
The value of  this index will describe and quantify the 
dental component of the open bite.  The value it is made 
up of are exclusively dental and all are linear:
I:Sb-PP
I:Sa-PP
I:Ib-PM
I:Ia-PM
MS-PP
MI-PM
As in the case of the SOBI, the quantification of the index 
is carried out by comparing the cephalometric value of the 
patient to the cephalometric standard, thereby obtaining 
a specific positive or negative value.  (See Table 2)
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Assessment of the indexes
The final quantity of each index is carried out with the sum 
of the values we have reached with the previous formula.  
The following values are therefore possible:

Skeletal open bite index (SOBI).
SOBI=0.  Neutral
SOBI=-1.  Unfavorable
SOBI=-2.  Very unfavorable
SOBI=+1.  Favorable
SOBI=+2.  Very favorable

Dental open bite index (DOBI).
DOBI=0.  Neutral
DOBI=-1.  Unfavorable
DOBI=-2.  Very unfavorable
DOBI=+1.  Favorable
DOBI=+2.  Very favorable

Application of vertical cephalometric analysis on 
patients with Down’s Syndrome
- Case 1
Patient: CPC
Age: 16.3 years
The intraoral examination reveals a complete open bite, 
anterior and posterior, accompanied by a maxillary com-
pression with a bilateral cross bite and functional deviation 
of the midline.  Diastemas between the incisors can be found 
in the upper arch, most likely caused by the pressure of the 
tongue which is placed in a low position.
In the upper arch, we can see the absence of 13 and 23 and in 
the lower arch there is a positive bone-dental discrepency.

The facial analysis shows us that the patient has a doli-
chofacial tendency accompanied by the typical features 
found in Down’s Syndrome.
A conventional cephalometric analysis confirms a bone 
class III with a maxillomandibular cause, with a vestibulo-
version of the lower incisors in the mesofacial pattern.
Using VCA on this patient gives us a SOBI result of –3 
and a DOBI result of –10.
These results suggest that the most important component 
of this open bite is dental, and so we therefore have a good 
chance of treating it successfully with an exclusively or-
thordontic treatment.  It is important to add that if  we re-
lied solely on the conventional cephalometric system, this 
patient would be the recipient of orthordontic-surgerical 
treatment.  This kind of treatment is almost impossible 
when dealing with individuals with Down’s Syndrome.
- Case 2
Patient: JLO
Age: 14.1 years
The intraoral examination reveals a complete open bite, 
anterior and posterior, with a very severe maxillary com-
pression which produces a bilateral cross bite, getting 
worse in the molar area, causing what could be called a 
scissor bite.  A functional, dental deviation of the midline, 
an inverted projection and a negative upper bone-dental 
discrepancy can also be seen.  Ageneses can be found in 
the area of the upper and lower lateral incisors.
The facial examination shows a dolichofacial type with a 
biretroversion profile.
Using a conventional cephalometric analysis we can obser-
ve a bone class III due to mandibular posterorotation with 
some lower incisors with a high degree of linguoversion.

Parámetros IMAE+2 IMAE+1 IMAE 0 IMAE-1 IMAE-2
PP/FH 8 4.5 1 -2.5 -4.5
PP/SN 4 6 8 10 12
PM/FH 17 21 25 29 33
PM/SN 24 28 32 36 40
GONIACO 110 115 120 125 130
RAMA 36 34 32 30 28

Parámetro IMAD+2 IMAD+1 IMAD 0 IMAD-1 IMAD-2
Isa-PP 9 8 7 6 5
Isb-PP 29 28 27 26 25
Iia-PM 22 21 20 19 18
Iib-PM 44 42 40 38 36
MS-PP 27 25 23 21 19
MI-PM 36 34 32 30 28

Table 1. Skeletal open bite index.  SOBI.

Table 2. Dental open bite index. DOBI.
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The VCA gives us a SOBI value of –10 and a DOBI value 
of –1.
Therefore, this patient has an open bite with a strong 
skeletal component and a slight dental compensation.  
The prognosis of an exclusively orthordontic treatment 
is very unfavorable.
- Case 3
Patient: SMS
Age: 14.8 years
The intraoral examination reveals an anterior open bite 
from canine to canine with an important vestibulo-version 
of the upper and lower incisors.  We can also see a dental 
deviation from the midline with a bone-dental discrepancy 
in both arches.  There is a hypoplasia of the upper lateral 
incisors.
The facial examination indicates that the patient has a 
biprotrusive profile in a dolichofacial pattern.
Upon doing the conventional cephalometry we can see a 
bone class I with a high degree of vestibulo-version of the 
upper and lower incisors.
The VCA gives us the following values of the indexes: 
SOBI=-10 and DOBI=-1.
We can therefore conclude that this patient has a similar 
open bite to the one we have seen before, even though in 
this case it would seem to be less severe.  With the conven-
tional examination we might try a compensatory treatment 
of the open bite.  With the VCA we discover that the suc-
cess of this treatment will be extremely complicated.

Conclusions
The vertical cephalometric analysis is a new diagnostic 
method that tells us in a simple, clear way the dental and 
skeletal components of a particular open bite.  This infor-
mation is of the greatest importance in order to predict 
the prognosis of the malocclusion and direct us to the best 
possible treatment.
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