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The different cephalometric assesment of
| anterior open bite

Chia-Tze Kao and Tsui-Hsien Huang

' Anterior open bite (AOB) is a complex problem, representing
-one of the most challenging tasks in orthodontic treatment. To
develop an ethnic specific population norm of craniofacial
skeletal pattern with potential diagnostic and clinical value for
‘treating AOB patients, a cephalometric study was conducted,

' using the Sassouni plus analysis, Steiner analysis, Tweed analy-
sis and Kim’s ODI method, on a randomly selected group of
Taiwanese patients with diagnosed AOB. The AOB group con-
sisted of 23 males and 25 females, normal group consisted of 35
males and 25 females in their twenties and thirties. Various
parameters of the craniofacial skeletal pattern of patients with
AOB were measured, and were compared with values taken
from normal group as well as to published values taken from
an anterior open bite group of Westerns. Our results seem to
support the following generalizations: 1. The structures of the
AOB group after comparing with the normal group showed
that the maxilla is in retrusive position, the mandible is rotated
downward and backward, the anterior lower facial height is
increased, maxillary central incisor is procumbency, mandibular
central incisor is flare, inter-incisors angle is acute and. the
mandibular plane angle is steep. 2. The LGA is the most repre-
sentative parameter of AOB in the modified Sassouni analysis.
The higher GoGn-SN angle is the character of the AOB struc-
ture in Steiner analysis. The increased FMA and decreased
FMIA is the signs of AOB on the Tweed analysis, and the ODI
measurement by Kim’s method is a good indicator of the AOB
analysis. From several different commonly used cephalometric
analyses, there are particulary existed one measurement which
can express the AOB structure.
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Introduction

Anterior open bite (AOB), one of the
most difficult orthodontic problems to correct,
was defined as the absence of vertical contact
between the maxillary and mandibular incisors
at the centric relation.” A dental open bite is
on& that is limited to the anterior region in an
individual with good facial proportion.2
Whereas the hallmark of ‘a skeletal open bite
are increased anterior facial height, a steep
mandibular plane and excessive eruption of
posterior teeth.’ Skeletal open bite is subdi-
vided into two groups, complete overbite and
incomplete overbite. The latter, also called
péeudo open bite, is characterized by the fact
that patients’ caraniofacial skeletons are dif-
ferent from those of normal pattern, especially
in the vertical dimension.*

Cephalometry has been used as a research
tool in dentistry for evaluating the orthodontic
treatment and describing facial growth. A cer-
tain set of -angular and linear measurements
are taken from tracing the oriented lateral and
frontal radiographic head film. There are
many cephalometric analyses available: Sas-
souni analysis is an archial individualized
cephalometric appraisal of malocclusion” The
Steiner analysis is one of the popular
cephalometric tracing methods® The Tweed
triangle analysis is one of which can diagnose
malocclusion easi1y7 and Kim’s ODI has
proved to be a good reference in anterior
open bite cases® This study uses the above
methods to evaluate the adult AOB structures.

One must start the diagnosis with recog-
nitién of any skeletal problems that exist, then
you can do a good treatment plane.9 In the
case of an open bite malocclusion, this may
be caused by a number of etiology factors.
0ILI2I34I5 1 45 conceivable that the craniofa-
cial patterns of AOB result from complicated

pathogenetic mechanisms and a possible im-
balance or inadequate function of growth fac-
tors. There is, however, no widely accepted
method to determine the presence of an open
bite tendency.16 The previous study of the
adult anterior open bite by quadrilateral anal-
ysis showed apparently abnormalities in the
maxilomandibular complex causing changes in
vertical dimension of facial pattern are in-
volved in AOB.” _

' The purpose of this study are to evaluate
what is the differences between various

_cephalometric analyses in the diagnosis of

adult AOB and try to find what measure-
ments can give the clini®ian a good guidance
to diagnose AOB tendency.

Material and method

The sample with AOB was composed of
23 males and 25 females with the cessation of
growth confirmed by wrist films with an age
range from 20 to 30 years of age. The sam-
ple was selected from different local dental
clinics and was based upon the following cri-
teria: 1. A negative overbite depth (<0 mm,
the rang of this study is from -2 to -5 mm,
mean -245 mm), 2. no prior orthodontic
treatment, 3. at least 28 natural teeth present,
4, no prosthesis, 5. no traumatic injury to the
jaws and 6. Ethnic Taiwan race. The normal
sample was consisted of 35 males and 25
females also with an age range from 20 to 30
years. The sample was based upon the fol-
lowing criteria: 1. A normal overbite and
overjet, 2. class I molaf and canine relation-
ship, 3. no prior orthodontic treatment, 4. at
least 28 natural teeth present, 5. no prosthesis,
6. no traumatic injury on jaws and 7. Ethnic
Taiwanese. All cephalometric points were taken
at the same dental hospital by the same
technologist. All cephalograms were identified
by one trained dentist and then checked by a
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second investigator to verify the accessory of
the tracing. In this study the analyses used

were, 1. the modified Sassouni method™® com-.

3, Tweed
analysis7 and 4. Kim’s ODI (overbite depth
indicator).19 If the landmarks were bilatero-oc-

bined with 2. Steiner analysis,6

clusal and did not coincide with each other on
the cephalogram, the midpoint was chosen.

The Steiner analysis is required the mea-
surement of the sella-nasion-A point angle
(SNA), sella-nasion B point angle (SNB), sella
-nasion-symphysis centre angle (SND), the an-
gle and distance of upper central incisor to
nasion-A point line (I-NA), the angle and dis-
tance of lower central incisor to nasion-B
point line (T-NB), the inter-incisor angle of the
upper central incisor and.the lower central
incisor (1-T). (Figure 1)

The Tweed analysis measures the Frank-
fort mandibular plane angle (FMA), Incisor
mandibular plane angle (IMPA) and the angle
of mandibular incisor with Frankfort plane
(FMIA). (Figure 2)

The overbite depth indicator (ODI) is
defined as the angle of the A-B plane to the
mandibular plane combined with the angle of
the palatal plane to Frankfort horizontal
plane. (Figure 3)

The landmarks used by modified Sas-
souni method in this study were as follows
(figure 4): SOr: supra orbital roof; N: nasion;
A: subspinale; B: supramentale; Me: menton;
Te temporale; RO: roof orbitale; Cl: clinoidale;
Cr: cribriform; Sp: sella posterior; Go: gonion;
Ar: articulare; ANS: anterior nasal spine. PNS:
posterior nasal spine. The planes were drawn
in the following: the plane parallel to the
supraorbital plane (Parallel plane); the palatal
plane (ANS-PNS); the occlusal plane (the
midpoint of interincisor edge to the midpoint
of inter molar cusp) and the mandibular plane
(Me-Go). The locus O was defined as the area
of most common intersection of all the above

four major planes. The arcs were constructed
as follows: Anterior arc: with the point of
compass set on the point O, draw an arc from
nasion through all the four planes. Basal arc:
from the center O, constructs an arc extending
from A point to the level of B point. Mid-
facial arc: from the center O, constructs an
arc from Te to the occlusal plane. Posterior
arc: from center O, constructs an arc from Sp
down to the mandibular plane. All measure-
ments included the followings: anterior nasal
spine to anterior arc (ANS-Ant arc); A point
to anterior arc (A—Aﬁt arc); pogonion point to
anterior arc (Pog-Ant- arc); anterior nasal spine
to menton point (ANS-ME); superior orbital
roof to anterior nasal spine (SOr-ANS); max-
illa central incisor to anterior arc (1-Ant arc);
cribriform point to anterior arc (Cr-Ant arc);
anterior nasal spine to posterior nasal spine »
(ANS-PNS); maxilla first molar to middle arc
(6-Mid Arc); anterior arc to posterior arc (Ant
arc-Post arc); pogonion to gonial point (Pog-
Go); gonial point to posterior arc (Go-Post
arc); total gonial angle (TGA); upper gonial
angle (UGA); lower gonial angle (LGA); upper
lip angle (ULA); posterior facial height (PFH);
incisor mandibular plane angle (IMPA).

The statistical analysis of the parameters
was under taken by means of the SAS soft-
ware. The significance of the mean difference
between the groups was subjected to the stu-
dent t-test. The correlation of all the parame-
ters were also calculated.

Result

In the Steiner analysis, the adult AOB
anormaly group when comparing with the
normal group showed that with the exception
of the T-NB degree, all of the other mea-
surements were showed statistical differences
(p<005) when compared with the value of the
normal group. (Table 1)
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Figure 1. Steiner’s analysis.
S: mid point of pituitary fossa;

Gn: gnathion;

N: nasion; A: point of greastest convexity on the anterior of the maxilla;
SN: cranial base plane; B: point of greatest convexity on the anterior of the mandible;
Go: gonion; 1: SNA; 2: SNB; 3: SND; 4: 1-NA; 5: T-NB; 6: 1-T; 7: GoGn-SN.
Fp
FMA
W, FMIA
MP '
& LA

=7

Figure 2. Tweed analysis.

Frankfort plané (FP): Line from the upper border of the external
auditory meatus to the lower border of the orbit.

Mandibular plane (MP): line tangential to the lower border of the
mandible. LA: long axis of the mandibular incisor.
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Mandible plane

Figure 3.

Kim’s analysis (overbite depth indicator oDy

AB Plane: Line joining points A & B ftom Steiner’s analysis,

FP: Frankfort plane.

PP: Palatal plane. MP: Mandibular plane.

ODI: The sum of the angle formed by 1: The mandibular and A-B plane. and 2: The
Frankfort and palatal plane. !

Point:

Sor: supraorbital

N: nasion

A: subspinale

B: supramentale

Me: nentom

Te: temporale

Ro: roof orbitale

Cl: chinoidale

Cr: cribiform

Sp: sella posterior -

Go: gonion

Ar: antioulars

ANS: anterior nasal spine
PNS: posterior nasal spine
Arc:

Anterior arc: arc formed with radius from center O to N.
ANS arc: arc formed with radius from center O to ANS.
Midfacial arc: arc formed with radius from center O to Te.
Posterior arc: arc formed with radius from center O to Sp.

Figure 4. The cephalometric landmarks of Sassoumi plus analysis.
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In the Tweed measurement, the FMA and
FMIA showed a statistical difference (P<0.01)
compared with the value of the normal group
(table 3). The ODI of this study were below
the mean of the normal group (P<0.001).
(Table 1)

Chia-Tze, Kao, Tsui-Hsien, Huang

In the Sassouni plus analysis, the adult
AOB anormaly group compared with the
normal group, the results showed that there
were many parameters showing statistical dif-
ferences (P<0.05) listed following in both sex-
es: ANS-Ant arc, A-Ant arc, ANS-Me, Sor-

Table 3. The correlation analysis of ODI with different measurements on AOB cephalometry.

Correlational coefficent

Opén

SNA

SNB

SND

1-NA (mm)
1-NA (degree)
T-NB (mm)
T-NB (degree)
1-T

Gogn-SN
FMA

IMPA

FMIA
ANS-Ant arc
A-Ant arc
Pog-Ant arc
ANS-Me
SOr-ANS
1-ANS
Cr-Ant arc
ANS-PNS
6-Mid arc
Ant Arc-Post Arc
Pog-Go
Go-Post Arc
TGA

UGA

LGA

ULA

PFH

A 0.03893

0.48979 **
0.00129
022122
-0.13989
0.20152
0.29963
0.05151
0.38207 *
0.35261 *
0.09744
0.57823 **sx
0.44206 **
0.44243 **
0.44958 **
-0.42126 **
-0.38954 *
-0.10291
0.10783
-0.16653
0.30734
-0.07541
0.20078
-0.15879
-0.03442
-0.38435 *
0.02674
-0.48872 **
-0.15901
-0.02834

*: statisitcally significant difference at p<0.05.

**. statisitcally significant difference at p<0.01.

***. statisitcally significant difference at p<0.001.
**+*. statisitcally significant difference at p=0.0001.
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ANS, I-ANS, Ant arc-Cr, ANS-PNS, 6-Mid

arc, Ant arc-Post arc, Pog-Go, UGA, LGA and‘

PFH; Female group only: Pog-Ant arc and
Upper lip angle (table 2).

In a correlational analysis between the
ODI with all measurements, the results showed
that IMPA had the highest correlation value
(r=05782, p<0.0001) with the ODI. The SNA,
1-T, GoGn-SN, FMA, FMIA, ANS-Ant Arc,
A-Ant Arc, Pog-Ant Arc, ANS-Me, TGA and
LGA were showed at a different level of

correlation (p<0.05). (table 3)

Discussion

In the Steiner analysis, comparing AOB
group with normal group, there are existed
many statistically different measurements. The
SNA and SNB values of AOB group are
smaller than the corresponding values of the
normal group, in turn the measurements of
AOB showed that the maxilla and the

mandible are in a retrusive position relative to .

the cranial base. The 1-NA and T-NB value
of AOB group are larger than that of the
normal group, and the maXillary incisor and
the mandibular incisor are in a protrusive po-
sition. Compare to the normal group, the AOB
group is smaller in interincisor angle, and the
dental relation is more protrusive; the AOB
group is also smaller in SND, and mandible is
more retrusive. - The mandibular plane angle is
higher in AOB groupand the mandible is in
clockwise roation. These agree with other in-
vestigations that the mandibular plane angle
incrases in openbite cases”0*"*

In the Tweed analysis, the FMA is larger
(p<0.0001) and the FMIA (P<0001) is smaller
in the AOB anormal group. The structure of
the AOB showed the mandible is in a more
clockwise growth direction. When measured
using the Frankfort plane, the mandibular in-
cisor is in a more flared position. The reason

that the AOB samples IMPA value shows no
difference with the normal group may be that
there is compensation of mandible in a
backward an downward direction, that is, the
Gonion angle is increased especially in cases
with a lower gonion angle (LGA). The as-
sumption is the same as the result of Sassoui
analysis in this study. Actually, if there is o
backward rotation of the mandible, the IMPA
of AOB group shall be larger than the valﬁge
of the normal group. From this point of view
the result of the clockwise rotation of
mandibular are similar to the AOB mandible
plane angle represented in the Steiner analysis.

In ODI measurement, there existed dif-
ferences (p<0.01) between the AOB anormaly
group and the normal group. The norm estab-
lished by Kim, on 119 white patients was 745
+/- 607 degreés.19 The difference between
these two figures is significant at the 0.001
level. According to Kim’s criteria, all samples
of this study do have an open bite tendency.
It is coincidence with the clinical expression of
AOB. The result seems to supprot the study
of Wardlaw, that ODI value is a good indi-
cator of AOB diagnosis.8

The different morphologic structures of
the adult AOB anormaly and the normal
groups analysed by the modified Sassouni
method are shown as follows:

In maxilla antero-posterior relationship,
ANS-Ant arc and A-Ant arc measurements, the
adult AOB maxilla is in a more retrusive po-
sition than the position of the normal group.
The result is same as the result of the smaller
SNA in AOB group on above finding. In
mandibular antero-posterior relationship, only
are in female group of the AOB show that
the mandible is in a more retrusive position
than the position of the normal group. In
vertical relationship, the anterior upper facial
height‘of the AOB group is smaller than the
value of the normal group. The anterior lower
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facial height of the AOB is larger than the
value of the norm. The results are similar to
Toutountzakis’s posterior anterior cephalograph
study of the open bite, in which lower facial
height was found to be significantly increased
in both male and female group.23 In Huang’s
study of long face syndrome of Chinese,” the
facial height was increased by anterior lower
facial growth which in turn was caused by
the maxillary overgrowth. In our study, the
anterior lfpwer facial height do increase but
cannot attribute to the source of this increase.
In the modified Sassouni analysis, the maxil-
lary first folar is in a more retrusive position
than the position of the normal group. It may
be explained that backward position of the
maxillary first molar causes a wedge effect on
the jaws. The wedge effect will cause the bite
opening. There are similarites to the result of
the maxillary first molar overgrowth on long
face syndrome.24 In maxillary central incisor
position and 1-ANS arc measurement are
larger than the measurement of the norm. The
maxillary central incisor is in a more protru-
sive position. The result is same as the pre-
sentation of 1-NA measurement on Steiner
analysis. In makillary and mandibular length
comparison, both values of the AOB group
are smaller than that of the normal group. In
gonion angle comparison, the upper gomion
angle of AOB is smaller than that of the
normal group, whereas the lower gonion angle
of the AOB is larger than that of the normal
group. It suggests that the mandible is in a
downward and backward growth direction. The
result is same as the other study on AOB
mandibular growth pattern.zm’25 The Nahoum
and Subtenly studies found that the posterior
facial height of AOB is smaller in the female
group.zs‘26 Wheras our study found that both
the male and female AOB groups’ posterior
facial height is smaller than the normal
group. It may be caused by the short ramus

with lérge gonial angle.

The ODI is proved to be a good indica-
tor in diagnosing AOB by Waldlaw? All
measurements in this study were tested with
ODI by correlational analysis. In correlational
analysis of all parameters with the ODI shows
that ODI has strongest negative correlation
with the LGA (r=-048872, P<0001). It means
that in the openbite tendency cases the ODI
and LGA are in reverse correlation. In AOB
r\norp,hologiC findings proved that the LGA of
AOB group is really larger than that of
normal group. In openbite tendency cases, LGA
is a good diagnosing reference. In this study
the IMPA has the highest positive correlational
coefficient with the ODI (r=057283, P<0.001).
IMPA value should become smaller in AOB
case because the ODI becomes smaller. But in
IMPA of Sassouni analysis, comaprison with
the normal group, there is no statistical dif-
ference in AOB male and female groups. It
might related to the backward growth of the
mandible. The FMIA have a strong positive
correlation with ODI. The morphologic ex-
pression of FMIA in AOB group is smaller
than the FMIA of the normal group. Clinical-
ly, it is shown that the mandibular incisor is
procumbent in AOB group. If the Frankfort
plane is same, it is reasonable that why the
FMIA will be small in AOB cases. The cor-
relation analysis of ODI with SNA (r=048979,
P<001). and ODI with 1-T (r=038297, P<0.05)
shows positive correlation. The SNA value of
the Steiner analysis in AOB group is smaller
than the value of the normal group. It also
agrees the retrusive maxilla in AOB. It con--
tradicts the findings reported by Hapak in a
study of 52 white patients in 1964 and Jones
in a study of 32 black patients in 1989.'%%7
The varience may be caused by differences in
the sample. In this study the AOB samples are
all adults but not in the other studies. The
inter-incisors angle is smaller in AOB group.
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The facial pattern of AOB are mostly seen

with convex profile. The Go-Gn to SN plane

have a statistical correlation with ODI (r

=0.35261, p<0.05). In AOB group the

mandibular plane angle is greater than the
angel of the normal group. Clinically, the ap-
pearance of AOB facial height is shown to be
long. From the above correlation analysis, ODI
is really an important factor in diagnosing the

AOB tendency.

We may get the following conclusions
from this study:

1. The morphologic structures of the adult
Taiwan AOB sample are as follows: high
mandibular plane angle, high mandibular-
Frankfort plane angle, increased lower
gonial angle, long anterior face height and
bimaxillary dental protrusion.

2. The phenotype of adult AOB by different
assesments show that the abnormal struc-
tures in AOB are similar.

3. The authors suggest that LGA is the most
representative parameter of the AOB in
the Sassouni analysis. The higher GoGn-SN
angle is the character of the AOB struc-
ture is Steiner analysis. The increased FMA
and decreased FMIA is the signs of the
AOB on Tweed analysis. ODI measur-
ement by Kim’s method is a good indica-
tor of the AOB analysis.
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