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ABSTRACT

The objective of this study was to compare the 7 parameters in sagittal jaw
relationship classification (ANB, Wits, MM-Wits, AF-BF, App-Bpp, APDI, and VIS)
in samples with various vertical patterns to ascertain whether VIS can be used in
patients with wvertical problems. One hundred and eighty pretreatment lateral
cephalometric radiographs (73 males and 107 females) were divided into three groups
(60 each) according to vertical pattern (SN-MP angle), i.e., mean-angle (SN-MP =
24.39°-35.61°, mean = 29.89+2.74), high-angle (SN-MP > 35.61°, mean =
42.17+5.80), and low-angle (SN-MP < 24.39°, mean = 22.13+1.79). The
cephalometric skeletal structures were classified into three sagittal classes by VIS and
six parameters based on Thai norms. Visual inspection of cephalometric structures
(VIS) was judged by three experienced orthodontists without providing any
information on cephalometric values. Results showed the effect of vertical patterns on
the distribution of material into three sagittal classes according to each parameter. In
the high-angle group, the P-value of the chi-square analysis held significant
differences at 0.001, whereas the P-value of the chi-square analysis in the mean- and
low-angle showed no significant differences. Analysis of ANB and Wits parameters
showed that they were affected by the vertical pattern of the face and were very
different to each other. These results were most unexpected. The VIS and APDI
revealed that the proportion of samples that could be assigned to the three sagittal
classes lay between that of the ANB and Wits analysis. On the basis of previous
evidences, it may be assumed that these two parameters are more accurate than the
ANB and the Wits appraisal. Also, because the APDI is a combination of three
singular measurements, it is more difficult to perform than the VIS, which is
convenient, economical and instantaneous. It is concluded that in patients with vertical
problems, VIS is the appropriate parameter.

KEY WORDS: SKELETAL CLASSIFICATION / SAGITTAL JAW
RELATIONSHIPS
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CHAPTER |
INTRODUCTION

Diagnosis and treatment planning is the preliminary and necessary procedure in
orthodontic treatment. The accurate and reliable diagnosis may convey to appropriate
planning and thus an optimal final results.

One of the most important issues in orthodontic diagnosis and treatment planning
has been attached to evaluate the sagittal jaw relationships. Since the introduction of
radiographic cephalometry by Broadbent (1) in 1931, a number of analyses have been
developed both angular and linear measurements in order to analyze sagittal jaw
relationships. However, several studies have reported inherent weakness of geometric
factors that affect the validity of the parameters (2-30).

The influencing factors affecting the agreement among parameters are (31)

1. Difference in reference points and/or planes

2. Variation of cranial structures

3. Rotation of the jaws

Apart from measurements, another way to describe sagittal jaw relationships is
clinical diagnosis by visual inspection directly on cephalometric radiographs.
According to the VIS, the classification was least affected by the vertical pattern of the
face when compared with the ANB and Wits appraisal (32). In addition, the study of
reliability of VIS had concluded that, there were high reliability and accuracy in
sagittal jaw relationship assessment by using VIS by experienced orthodontist in
samples with normal vertical pattern (33). A number of studies indicated controversial
issues in sagittal jaw relationship classification in a sample with various vertical
patterns according to the most widely used parameters, the ANB and the Wits
appraisal (32,34-35). However, none have been evaluated in others.

The aim of the present study was to compare the 7 parameters in sagittal jaw
relationship classification (ANB, Wits, MM-Wits, AF-BF, App-Bpp, APDI, and VIS)
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in a sample with various vertical patterns to establish whether each parameter can be

interpreted by similar results.

The purposes of the study
1. To determine if difference exists among parameters in describing sagittal jaw
relationships in various vertical pattern.
2. To determine if visual inspection of the cephalometric structures (VIS) can
be used for sagittal jaw relationship assessment in patients with vertical
problems.

The expected benefits of this study
1. To determine the appropriate parameters when describing sagittal jaw
relationships in patients with vertical problems.
2. If visual inspection of the cephalometric structures (VIS) can be used as an
adjunctive procedure for sagittal jaw relationship assessment in patients with
vertical problems. It will be an advantage for an orthodontist because the VIS

is convenient, economical and instantaneous.

Statement of hypothesis
There are no differences in assessing sagittal jaw relationships by 7 parameters

in various vertical patterns.
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CHAPTER I
LITERATURE REVIEW

The development of sagittal jaw relationships assessment

In 1907, Angle (36) originated one of the first assessments of jaw relationship.
Although his method is no longer used to assess skeletal relationships, it is a
convenient method of recording the anteroposterior relationships of the teeth. He
believed that first permanent molars, bearing a constant relationship to their dental
bases, could be used to assess a sagittal jaw relationship. Angle classified three main
groups, ‘based on the mesio-distal relations of the teeth, dental arches and jaws, which
primarily depend upon the positions mesio-distally assumed by the first permanent
molars on their eruption and locking’. By assuming that the position of the upper first
permanent molar was stable, he reasoned that the relationship between the upper first
permanent molar and the lower first permanent molar reflected the relative degree of
prognathism or retrognathism of the mandible to the maxilla. Angle’s classification is
widely used today as a classification of malocclusion, perhaps primarily due to its
convenience, but it is well-known that the first permanent molar relationship is very
rarely accurate reflection of skeletal pattern.

From an early stage, it was recognized that the Angle’s classification was not
complete, because it did not include important characteristics of the patient’s problem.
The deficiencies in the original Angle’s system led to series of informal additions at an
early stage. Angle’s classification was extended to four distinct but related
characteristics: the classification of malocclusion, as in the original plan; the molar
relationship; the skeletal jaw relationships; and the pattern of growth (Figure 1).

Thus a class Il jaw relationship meant the mandible was positioned distally
relative to the maxilla. This was usually found in connection with a Class Il molar
relationship but occasionally could be present despite a Class | molar relationship.
Where the mandible was prominent in relation to the maxilla was described as Class

I11 jaw relationship. Class | jaw relationship was when the mandible should be slightly
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less prominent in profile than the maxilla.

CLASS | CLASS II CLASS II
Molar and Jaw relationship Molar and Jaw relationship Molar and Jaw relationship
Dental malocclusion Skeletal and/or dental Skeletal and/or dental
(crowding, etc.) malocclusion malocclusion

Figure 1. The Angle’s classification has come to describe four different characteristics:
the type of malocclusion, the molar relationship, the jaw relationship, and the pattern
of growth.

In 1926, Simon (37) developed a system of gnathostatics, which related the
dental arches to the skull using a three-dimensional co-ordinate system based on the
median sagittal plane, the Frankfort plane and the Orbital plane. He did not claim that
the teeth bore a constant relationship to these planes, but implied in a well-balanced
face. The orbital planes should pass through the cusps of the upper canine teeth.

The validity of Simon’s classification was questioned by Sved (38) in 1931,
who demonstrated that minor errors in locating the Frankfort plane could have a
major effect on the orientation of the orbital plane and on its relationship to
the teeth. Furthermore, the orbital plane did not bear a constant relationship to the
upper canine teeth, even in individuals with excellent occlusions and well-
balanced faces. Simon’s classification was notable in that it focused attention on the
importance of an independent assessment of the skeletal and occlusal relationships,
which were not always concordant. Hellman (39) in 1921, Simon and Hixon (40) in
1956 recognized the need to differentiate between dental alveolar and skeletal
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discrepancies, and to evaluate the respective contributions towards the creation of the
malocclusion.

The introduction of cephalometry provided a method of recording, measuring
and quantifying skeletal morphology, and of relating skeletal factors to occlusion. The
method was developed independently in 1931 by both Braodbent and Hofrath (1), and
has since remained fundamentally unaltered. Cephalometric methods were adopted by
several workers, notable Brodie (1941), Bjork (1947), Downs (1948,1952), Riedel
(1952), Woylie and Johnson (1952), Margolis (1953), Moorrees (1953), Steiner
(1953), Tweed (1954), Coben (1955), Graber (1958), Ricketts (1960), Di Paolo
(1969), Scheideman (1980), Fish and Epker (1980), Bookstein (1983), McNamara
(1984), Butow (1984), Farkas (1985) and others, have proposed new analyses or
have modified and combined existing ones.

The first step in evaluating sagittal relationships cephalometrically was Downs’
description of point A and B in 1948 (41). By this method, the relationship of the
deepest points on the concavity of the profile labial to the apices of the upper and
lower incisor teeth (which he labeled Points A and B, respectively) was assessed by
using the Facial plane (N-Pog) as a reference. He measured the angle formed by the A-
B and N-Pog lines, illustrated on the right side of Figure 2. Positive and negative
signs were used to denote relative protrusion of the mandible. In his study of 20 cases

with excellent occlusions, the mean for this angle was found to be minus 4.6°.

=] {
/ \_ '|\ \\\\ | \__\\
\ ::i—__.l? D, lﬁ D
| o= E;\ /g “\}\E ) (
S U L//)%,’/ /

Figure 2. Downs’points A and B. Right, Downs’A-B to facial line (N-P) angle Left,
Riedel’s S-N-A and S-N-B angles, evaluated by the difference (A-N-B)
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A few years later, Riedel (42) measured the S-N-A and S-N-B angles and used
their differences, or angle A-N-B, as an expression of dental apical base relationship.
This is illustrated on the left side of Figure 2. The A-N-B angle became part of the
Northwestern Analysis and has been widely adopted as a principle method for
evaluating an antero-posterior apical base relationships. Riedel’s study of normal
occlusions resulted in a mean for the S-N-A — S-N-B difference (angle A-N-B) of
minus 2.0 for his 50 adult normals, and minus 2.8 for his 24 child normals. Angles that
were greater than this indicated tendencies towards class Il jaw disharmonies, while
smaller angles (extending to negative readings) reflect class Ill antero-posterior jaw
disharmonies.

Although the ANB angle remains extremely popular and useful, it has been
claimed to be affected by numerous environmental factors, and a diagnosis, based on
this angle, probably give some errors. Since this angle concerned the jaws related to a
cranial base reference plane, it can present inherent defects because of variation of the
nasion position, the rotation of the SN plane and the rotation of the jaws (5,7,2-22).
This is illustrated in Figure 3.

A
L\

Fal

N ‘

g
|
Il
N
N

A
K
|
|

Figure 3. Qualitative illustration of the effects on angle ANB of changing the size of
one parameter and holding the others constant. A, Rotation of the jaws. B, Increasing
the dental height. C, Increasing the length N to B. D, Anteroposterior position of N
with respect to points A and B.
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Following the work of Jenkins (43) and Harvold (44), using the functional
occlusal plane (FOP) as a suitable reference plane for anteroposterior jaw disharmony
assessment, Jacobson (3,4) introduced the Wits appraisal to exclude the problems of
using a cranial base reference plane in 1975. It concerned drawing perpendicular lines
from point A and B on the maxilla and mandible, respectively, to the functional
occlusal plane (FOP) which drawn through the region of maximum cuspal
interdigitation. The points of contact on the occlusal plane from points A and B are

labeled AO and BO, respectively, as illustrated in Figure 4.

Figure 4. Perpendicular lines dropped from point A and B on to the occlusal plane.

Wits reading is measured from AO to BO.

In a sample series of 21 adult males selected on the basis of excellent occlusion,
it was found that point BO was approximately 1 mm. ahead of point AO. The
calculated mean reading was 1.17, S.D. 1.9 (range, -2 to 4 mm.). In 25 adult females
selected on the same basis, points AO and BO generally coincided. The calculated
mean reading was -0.10 mm., S.D. 1.77 (range, -4.5 t01.5).

Nevertheless, some problems still exist because the functional occlusal plane is
not always easily or accurately reproducible especially in mixed dentition patients or
patients with openbite, severe cant of the occlusal plane, multiple impactions, missing
teeth, skeletal asymmetries, malpositioned teeth, dental restoration, or steep curve of

Spee (22-23,26,45). It is also easily changed due to many interventions, for instance;
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normal development of dentition or orthodontic treatment (24-25,27). The effect of

change of cant of the functional occlusal plane is illustrated in Figure 5.

Figure 5. Effect of change of cant of reference plane from P1 to P2, on distance

between A and B points, measured as projections Al and B1, to it

To eliminate the great variations in the occlusal plane, in 1987, Chang (5)
introduced a linear measurement of the distance between points A and B projected
onto the Frankfort horizontal plane (FH), which labeled as AF and BF, respectively.
This is illustrated in Figure 6.

The FH plane (éFA
P a)

0

Figure 6. The AF-BF distance formed by perpendicular lines dropped from point A
and B onto the Frankfort horizontal plane. The AF-BF reading is measured from AF to
BF.

The mean values of the AF-BF distance in a sample of 40 young adult men was
3.43 + 2.93 and in 40 young adult women was 3.87 + 2.63. All subjects were Chinese
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in Taiwan with clinically acceptable occlusions and none had undergone orthodontic
therapy.

However, a number of studies indicated the large variation of the Frankfort
horizontal plane and confirmed their relative unsuitability as cephalometric references

for clinical purposes (28-30), as illustrated in Figure 7.

Figure 7. Extreme difference with regard to inclination of Frankfort horizontal plane

in natural head position

In 1994, Nanda and Merrill (45) suggested a linear measurement based on the
palatal plane showing high stability in his longitudinal study. A sample of 111 young
white adults with good facial balance, normal occlusion, and no history of orthodontic
treatment or orthognathic surgery was selected to develop norms on the basis of the
average measurements of skeletal parameters projected to the palatal plane. This is

illustrated in figure 8.

0

The palatal‘plane

Figure 8. The App-Bpp distance formed by perpendicular lines dropped from point A
and B onto the palatal plane. The App-Bpp reading is measured from App to Bpp.
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The mean value in a sample of 22 women with the mean age of 24.6 + 2.2 years
is 5.2 £ 2.9 and in 89 men with the mean age of 24.1 £ 1.4 years was 4.8 + 3.6.

In the mean time, Hall-Scott (46) introduced the new Wits reference plane for
sagittal apical base relationship, called the maxillary-mandibular plane angle (MM°)
bisector, a plane bisecting maxillary and mandibular plane, to eliminate the inherent
shortcomings when using the functional occlusal plane (FOP). This plane lies close to
but at an angle and inferior to the traditional occlusal plane. This is illustrated in

figure 9.

P,
Lne

Figure 9. The MM?° bisector is constructed by bisecting the anterior angle formed by

the intersection of the maxillary (palatal) and mandibular planes.

Some studies found that the MM® bisector was easier to locate and reproduce
than the FOP, and has been found to rotate in the same direction as the jaws with
growth because its geometrically derived from the dental base planes (25,46).

The mean of the Wits values measured to the MM°® bisector in a sample of 36
adults (25 men and 11 women) with normal occlusions is -4.5 mm. (-4 mm. women
and -4.7 mm. men), and in a sample of 43 children (19 boys and 24 girls) with

malocclusion but no extractions is -4 mm. (-4.2 mm. girls and -4.0 mm. boys).
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According to Kim and Vietas (16), deviations in the dentofacial complex are not
affected by a singular factor, thus, a combination of several different measurements
may be more reliable for diagnosis. They suggested using the anteroposterior displasia
indicator (APDI), a resultant reading obtained from facial angle, plus or minus the A-
B plane angle and again, plus or minus the palatal plane angle. This is illustrated in

figurel0.

The FH Plane 0 7) ( ( T

The palatal plan

Figure 10. The anteroposterior displasia indicator (APDI) which constructed from
FH-NPog(1) + AB-NPog (2) + FH-PP(3).

The mean value of the anteroposterior displasia indicator (APDI) in the normal
group was 81.4 degrees, with a standard deviation of 3.79.

Apart from measurements, another way to describe sagittal jaw relationships is
clinical diagnosis by visual inspection directly on cephalometric radiographs.
According to the VIS, the classification was least affected by the vertical pattern of the
face when compared with the ANB and Wits appraisal. In addition, visual inspection
by experienced orthodontists makes several factors less misleading, i.e., the age, the
vertical pattern and the error of the method (32). Lerloy (33) evaluated the reliability
and accuracy of sagittal jaw relationships assessment by using visual inspection of the
cephalometric structures (VIS) as judged by orthodontists. Examiners were 40 Thai
orthodontists dividing into 2 groups (20 each) based on individual clinical experience

as groupl which over 5 years (mean 7.10 £ 2.22 years) and group 2 which experience
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was 1-5 years (mean 2.60 = 0.99 years). They were asked to determine for careful
visual inspection (VIS) on 56 cephalometric radiographs (20 male and 36 female, age
ranged 18 -35 years) which consisted of 3 skeletal classifications (16 skeletal class I,
20 skeletal class Il and 20 skeletal class Il1). Diagnosis of these radiographs was
established by using the consensus of three published cephalometric parameters in
Thai norms, which served as the ‘gold standard’, to determine the number of correct
responses from the examiners. The accuracy in diagnosing was determined by the
percentage of correct responses. After 30 days, the procedure was repeated by 20
examiners (10 each). The consistency in diagnosing was analyzed by Kappa statistic.
Results of Kappa value from groupl was 0.81 (0.61;0.89[p<0.05]) and 0.82
(0.58;0.97[p<0.05]) in group 2. This is indicated the excellent reliability existing in
both groups. The results from both groups show the accuracy in sagittal jaw
relationships assessment by using VIS was good (92.86%+10.42% in group 1 and
89.64%+12.58% in group 2). It may be concluded that, there is high reliability and

accuracy in sagittal jaw relationship assessment by using VIS.

The comparison study of the parameters

Oktay (31) studied the relationships among ANB, Wits, AF-BF, and APDI
parameters on the cephalometric radiographs of 63 male and 82 female subjects with
malocclusions and ranging age from 9-14 years, and high correlations were found
among them. Furthermore, relationships were explored between these parameters and
some measurements that were thought to have influenced them. The results of the
geometric studies could not be proved on the basis of statistical evaluations.

Dechkunakorn et al (47) investigated the relationships among ANB, AB-NPog,
APDI, AO-BO, ANPog, AF-BF parameters on the cephalometric radiographs of 73
male and 90 female subjects with malocclusions and ranging age from 18-35 years.
Results showed high correlation among them.

Hurmerinta et al (32) evaluated how 2 widely used cephalometric sagittal
analyses, ANB angle and Wits appraisal, classify skeletal I, 11, and 11l in a random
selection of 497 Finnish boys aged 4-20 years. The distribution was also compared
with the visual inspection of the cephalometric structures judged by 2 university

instructors of orthodontics. The results showed remarkable differences and even
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sparked controversy concerning classification of the sagittal jaw relationships. In the
high-angle cases, the ANB angle distribution was skewed in the class Il direction, and
the Wits appraisal, conversely, towards class Ill. The low-angle influenced the
skewness of the distribution of the ANB pattern in the class I11 direction, and the Wits
appraisal, conversely, towards class Il (Figure 11). High or low-angle influence had

only minor effects on the visual inspection of the cephalometric structures.

ANB wiTS wis |
worsine e 4 40 BB 44 1A 3| 50 B
andy 39 /4 90 a1 47— pé :_'_31—1'_ 61 !3%
wenae| 1l 58 SO l2r L 71 4w

Class |l | lclassl | [elassin |

Figure 11. The % distribution of sagittal classes according to ANB angle, Wits
appraisal and VIS analysis (Hurmerinta et al)

Iwasaki et al (34) investigated the statistical differences in jaw relationship
assessments with the ANB angle and the Wits appraisal in 96 Angle Class 111 children
with anterior crossbite (male 38, female 58). The jaw discrepancy was assessed more
severely using the ANB angle than by the Wits appraisal in these Angle Class Il
subjects with counter-clockwise mandibular rotation and flattened occlusal planes.

Del Santo (35) studied cephalometric radiograph of 122 orthodontic patients in 2
groups: high and low occlusal plane angle and found that there was a tendency for
inconsistency between ANB and Wits assessments in the high occlusal plane angle

group and tendency for consistency in the low occlusal plane angle group.
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CHAPTER 11
MATERIALS AND METHODS

This study was conducted at the Department of Orthodontics, Faculty of
Dentistry, Mahidol University, Thailand.

One hundred and eighty pretreatment lateral cephalometric radiographs (73
males and 107 females) were purposively randomly selected from the records of
patients who had attended orthodontic assessment at the Orthodontic Clinic, Faculty
of Dentistry, Mahidol University, Thailand. All the X-rays were taken on 1 X-ray
machines (Orthopantomography OC100, TROPHY, 68-70 Kvp, 12 mA.) using 8x10
inch Kodak T-MAT G/RA film and a Kodak Lanex Regular rare earth intensifying
screen. The Automatic processor Kodak X-Omat 2000 and Kodak-GBX developer and
fixer were used. The x-ray machines that produced the cephalometric radiographs
were set according to the followings: Distance from the x-ray focus tube to the film
was 60 inches (5 feet) and distance from mid sagittal plane of head to the film was 15
cm. Each subject’s head was fixed in the upright position with the cephalostat during

X-ray exposure.

The Criteria for Selection of the Subjects
1. Good quality lateral cephalometric radiographs which were sufficient to allow
landmark identification
2. No history of prior orthodontic treatment
3. The absence of obvious craniofacial deformity, systemic disease, trauma or
other factors affecting craniofacial growth and development

4. Ages from 18 to 35 years

The other materials included
1. Acetate tracing paper (3M Unitek® Corporation, Monrovia, USA), size 8x10
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inch and paper thickness 0.003 inch

2. View box
3. Masking paper

4. 0.3 pencils

5. Cephalometric protractor estimated to the nearest 0.5 degree (3M Unitek®
Corporation, Monrovia, USA)

6. Commercial cephalometric program (Dentofacial planner, version 5.3.2,

Dentofacial Software, Toronto, Canada)

Each pretreatment radiograph was traced on a sheet of 0.003 inch acetate paper,
with a sharp-edged black pencil (0.3 mm.) and a viewing box. A black surround was
placed on the radiograph to cut-down background illumination, thereby, facilitating
landmark identification. The location of each landmark was indicated by a single fine
pencil dot. When bilateral structure showed double images, the appropriate mid-point
by estimation or construction was chosen.

The positions of the landmarks on tracings were digitized (79 points) with a
transparent pad (Numonic aquagrid) and commercial cephalometric program
(Dentofacial planner, version 5.3.2, Dentofacial Software, Toronto, Canada). Six
parameters for describing sagittal jaw relationships (ANB, Wits, MM-Wits, AF-BF,
App-Bpp, APDI) and SN-MP angle were determined. Visual inspection of
cephalometric structures (VIS) was judged by 3 experienced orthodontists (which
experienced over 5 years) by estimated the skeletal pattern directly on the
cephalometric radiographs without providing any information on cephalometric values
(33). Each examiner was asked to independently classify each radiograph into one of

three skeletal categories according to his or her clinical perception as: Skeletal |

(Orthognathic maxilla and mandible), Skeletal 11 (Prognathic maxilla and/or
retrognathic mandible), or Skeletal 11l (Retrognathic maxilla and/or prognathic
mandible).

The subjects were divided into 3 groups according to vertical patterns (SN-MP
angle) and the cephalometric skeletal structures were classified into I, 11 or 111 sagittal

classes by VIS and 6 parameters based on Thai norms.
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For constructing Thai norms, descriptive statistics including mean and standard
deviations (xSD) were calculated from 60 pretreatment lateral cephalometric

radiographs, aged 15-25 years. The criteria comprised:

1. Angle’s classification |

2. Normal overjet and overbite (2-3 mm.)

3. Well-aligned teeth or minor crowding and/or spacing not more than 1 mm.
4

Good profile

Six parameters for describing sagittal jaw relationships in this study are:
1. The ANB angle
The angle between the N-A plane and the N-B plane (the difference
between the SNA and SNB angles)

2. The Wits appraisal
The distance between perpendiculars drawn from A-point and B-point

onto the functional occlusal plane

3. The AF-BF
The distance between perpendicular drawn from point A and B onto the

Frankfort horizontal plane

4. The App-Bpp
The distance between perpendicular drawn from point A and B onto the

palatal plane

5. The MMwits
The distance between perpendiculars drawn from A-point and B-point

onto the functional occlusal plane

6. The APDI angle
The resultant reading of facial angle plus or minus the A-B plane angle

and plus or minus the palatal plane angle
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Figure 12. Six parameters used in this study
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Error of the measurement

To calculate the systematic and random errors, 10 randomly selected
cephalograms were retraced and redigitized and the judgments were repeated the
judgments after 2 weeks.

1. Systematic errors were evaluated by employing the paired t-test.

2. The intra-examiner consistency of VIS was assessed by employing the kappa
statistic (48).

3. Method error was calculated by employing Dahlberg’s formula (49).

()= Zd®

d = difference between the first and second measurements

n = the number of cephalograms studied

Statistical analysis

The SPSS version 12 microcomputer program was used to perform the following
calculations:

1. Descriptive statistics was employed to calculate mean and standard deviations
of each variable and the percent distribution of each parameter.

2. Pearson Chi-square was employed to compare the differences in skeletal
classification among 6 parameters and VIS.

3. The kappa statistic was employed to determine the consistency between VIS

and other parameters.
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CHAPTER IV
RESULTS

The error of measurements

Systematic errors of the first and second measurements of 6 parameters revealed
no statistically significant differences as shown in Table 1. The intra-examiner
consistency of VIS was assessed with the employment of the kappa statistic. Kappa
statistics was employed to evaluate observed agreement compared with agreement that
would be expected by chance. Weighted kappa values ranged from -1.0 to + 1.0 with 0
indicating chance prediction; 1.0 indicates perfect prediction and -1.0 indicates totally
inaccurate prediction. It has been suggested that Kappa values of less than 0.40 be
interpreted to represent poor agreement beyond chance, 0.40 to 0.74 represent fair to
good (moderate) agreement, and 0.75 and above represent excellent agreement (50).
The kappa statistic of the first and second judgments of the VIS of 3 examiners
showed no statistically significant differences (p<0.05) with weighted kappa values at
0.83 - 1.0, indicating excellent agreement. Disagreement on the VIS among 3

examiners occurred in 8.63% of cases.

Table 1. Systematic differences between the first and the second measurement

No. Measurements T1 T2 T1-T2
(n=10) Mean | S.D. | Mean | S.D. | Mean | S.D.

1 | ANB (degree) | 4.98 | 2.19 | 5.22 | 2.49 | -0.25 | 0.56 | NS
2 | Wits (mm) -1.23 | 3.17 | -1.07 | 3.08 | -0.15 | 0.90 | NS
3 | MM-wits (mm) -1.37 | 4.06 | -1.20 | 4.30 | -0.17 | 0.80 | NS
4 | AF-BF (mm) 6.71 [ 292 | 7.02 | 273 | -0.31 | 1.06 | NS
5 | App-Bpp (mm) 721 [ 369 | 525 | 691 | 0.30 | 1.04 | NS
6 | APDI (degree) | 79.56 | 5.91 | 79.85 | 6.14 | -0.28 | 0.97 | NS

The method error of the measurement defined according to Dahlberg’s formula
ranged from 0.42° for the ANB to 0.70° for the APDI, 0.59 mm. for the MM-Wits,
0.61 mm. for the Wits, 0.73 mm. for the App-Bpp, and 0.75 mm. for the AF-BF.
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The percent (%) distribution of sagittal classes

The cephalometric skeletal structures were classified into I, 1l or Il sagittal
classes by mean and standard deviations of each parameter, range of measurements
used for classification of skeletal types of each parameter in this study was shown in
Table 2.

Table 2. Mean and standard deviations of each parameter and range of measurements
used for classification of skeletal types in this study

M7 RAN o Py Skeletal | Skeletal | Skeletal
type | type Il type 11
ANB 3.09 4y 1-5 >5 <1
Wits -3.12 1.87 (-5)-(-1) >-1 <-5
MM- -4.59 2.60 (-7)-(-2) >-2 <-7
AF-BF 4.53 8.0 1.5-7 >7.5 <15
App-Bpp 3.22 3.04 0-6 >6 <0
APDI 86.03 3.41 83-90 <83 >00

The percent (%) distribution of the material into sagittal classes according to the
7 parameters is presented in Figure 13. The proportion of sagittal classes according to
each parameter was seem to be some differences. The ANB, the Wits, the AF-BF, the
App-Bpp,the APDI, and the VIS interpreted the similar results which different from
the MM-wits and the AF-BF (which interpreted the same results). The P-value of the
chi-square analysis showed significant differences at 0.032. The proportion of sagittal
class Il according to the MM-wits and the AF-BF was less than other 5 parameters,
both showed the smallest of 28.9%, whereas the others showed the class Il proportion
ranging from 37.2-43.3%. On the other hand, the proportion of sagittal class | and 111
according to the MM-wits and the AF-BF was more than other 5 parameters. In class
I11, the MM-wits and the AF-BF showed the largest of 21.1%, whereas the others
showed the class Il ranging from 13.3-18.9%. In class I, the MM-wits and the AF-BF
showed the largest of 50.0%, whereas the others showed the class I ranging from 41.1-
47.2%. The subjects were classified as mean-angle cases (SN-MP = 24.39°-35.61°,
mean = 29.89+2.74), high-angle cases (SN-MP > 35.61°, mean = 42.17+5.80), and
low-angle cases (SN-MP < 24.39°, mean = 22.13£1.79). The effect of high-, mean and
low-facial angles on the distribution of material into 3 sagittal classes is presented in
Figure 14. In the high-angle group, the P-value of the chi-square analysis revealed
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significant differences at 0.001, whereas the P-value of the chi-square analysis in the
mean-angle and low-angle groups held no significant differences at 0.997 and 0.377,
respectively. In the high-angle group, the percent (%) distribution of the material into
sagittal classes was varied. The ANB angle and the App-Bpp showed the largest class
Il direction (class Il included as much as 63.3% of the high angle cases). The APDI
and the VIS showed 61.7% and 55.0% respectively, whereas the other 3 parameters
(Wits, MM-Wits and AF-BF) showed the smaller results. The Wits and the AF-BF
showed 43.4 and 38.3%, respectively, and the MM-Wits showed the smallest results of
21.7%. The proportion of sagittal class 11l according to the 4 parameters (App-Bpp,
APDI, VIS, and ANB) showed the class Il proportion less than 8.3%. Whereas the
AF-BF, the Wits, and the MM-Wits showed the class |11 proportion more than 16.7%.
The proportion of sagittal class | according to the 5 parameters (App-Bpp, APDI, VIS,
ANB and Wits) showed the class | proportion less than 38.3%. Whereas the AF-BF
and the MM-Wits showed the class | proportion more than 45.0%. There was slightly
different in the % distribution of the material into sagittal classes of 7 parameters in
the mean-angle group and was moderately different in the low-angle group. In the
mean-angle group, the proportion of sagittal class | was 48.3-55.0%, class Il of 36.7-
45.0%, and class Ill of 6.7-11.6%. In the low-angle group, the proportion of sagittal
class I was 45.0-56.7%, class 11 of 11.7-31.7%, and class 111 of 23.3-38.3%.

40.6 47.2 Y. ANB
37.2 43.9 18.9 Wits
28.9 50.0 21.1 MM-Wits
28.9 50.0 21.1 AF-BF

43.3 411 15.6 App-Bpp
42.2 43.9 13.9 APDI
40.6 46.1 13.3 VIS
Class 11 Class | Class 111

Figure 13. The percent (%) distribution of sagittal classes according to the 7
parameters
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Figure 14. Influence of mean-, high- and low-angle on the percent (%) distribution of

cases into sagittal classes according to 7 parameters
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Table 3. The kappa values between the VIS and other parameters in the high-angle

cases

ANB

Wits

MM-Wits

AF-BF

App-Bpp

APDI

VIS

0.84

0.65

0.49

0.72

0.78

0.88

p<0.05

Table 3 showed the kappa values between the VIS and other parameters in the

high-angle cases. The highest kappa value was found between the VIS and the APDI.

The lowest kappa value was found between the VIS and the MM-Wits.
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The mean and standard deviations of 6 parameters in comparison to previous

studies are shown in Table 4. The present study indicated similar results to Thai norms.

For the two parameters never published as Thai norms, the MM-Wits and the App-

Bpp, the MM-Wits showed similar results to Caucasian norms, but the App-Bpp

showed a smaller result. This is probably due to the differences in craniofacial

structures among populations (51).

Table 4. Comparison of Norms between Caucasian and Thai

Variables Caucasian Norms Thai Norms Present study
Mean+S.D. MeanzS.D. MeanzS.D.
ANB 2 2.93 +1.65 3.09+1.53
Wits 1.17 £ 1.9 (male) -3.12 £1.87
011 P &
MM-Wits -4.7(male) \ -4.59 + 2.60
-4 (female)
AF-BF 3.43 + 2.93 (male) = +
380 + 263 4.10 £ 2.58 453 +3.01
App-Bpp 4.8 + 3.6 (male) i
5.2 £ 2.9 (female) 3.22+3.04
APDI 81.37 £ 3.79 86.64 + 3.09 86.03 + 3.41

The study which concerning parameters for describing sagittal jaw relationships

can be roughly divided into 2 ways, geometrical and statistical analysis. In statistical

analysis, controversial results existed. Although some studies (31,47) showed a high

correlation among parameters (including two most widely used parameters, the ANB

angle and the Wits appraisal), a weak correlation of the ANB angle and the Wits

appraisal has been shown in several studies (5,14,19,21-22,26,52). This is probably

due to the different samples, which concerned vertical features. This is clearly shown
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in this study and previous studies (32,35), which showed that there was more
remarkably different of sagittal classification in the high-angle cases than in the low-
angle cases and/or the mean-angle cases. This is the same as the previous study of Del
Santo (35), which showed more consistent results of the ANB angle and the Wits
appraisal in the low-angle cases. In this study which comparing the seven parameters,
a clearly lack of consistency among seven parameters in the high angle cases were
revealed, whereas the mean- and the low-angle cases were more consistent (the P-
value of the chi-square analysis in the high-angle group was significant differences at
0.001 but the P-value of the chi-square analysis in the mean-angle and low-angle were
not significant differences at 0.997 and 0.377, respectively). It may be concluded that
the high-angle cases are more critical than mean- and/or low-angle cases.

The present study revealed remarkably differences and even controversial issues
in the classification of the sagittal jaw relationships according to the most widely used
cephalometric parameters, the ANB angle and the Wits appraisal, within various
vertical patterns. In the high-angle cases, the ANB angle distribution was skewed in
the class Il direction, and the Wits appraisal, conversely, towards class I1l. The low-
angle influenced the skewness of the distribution of the ANB pattern in the class IlI
direction, and the Wits appraisal, conversely, towards class Il. This shows the same
result with previous studies (32,34).

In this study, each parameters showed different proportions of sagittal class
distribution which were different from the ANB angle and the Wits appraisal .This
emphasizes the idea of the conjunctive use of several parameters (than believe in only
single one) to assess the sagittal jaw relationships because each parameter has its own
weaknesses as described above (14,19,24,47,53-54). The conjunctive use of different
parameters would compensate for the geometrically distorting factors.

Many controversies in sagittal assessment emphasize the necessity to recognize
the weakness of each parameter. Most of the criticisms about the ANB angle have
been based on geometrical studies (2-8). Many sources of errors have been identified,
such as extension and inclination of the anterior cranial base, position of N, and
vertical features. In the ANB assessment, the most important influence is anterior
facial height, reflected in the increase of SN-OP angle, the distance of the B-point to N,

and the distance of A-point to B-point (35). The Wits appraisal was used to overcome
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the shortcomings of the ANB angle (7). However, because it is made by the
projections of point A and B on the occlusal plane, and because the occlusal plane
inclination depends directly on facial growth direction, dental eruption, and alveolar
bone development. Several studies (24,31,55-56) found standard deviations were
markedly large for the Wits appraisal. In addition, Oktay (31) found the greatest
coefficient of variability of the Wits appraisal compared to the ANB angle, the AF-BF,
and the APDI. This may be attributed to the difficulty or inaccuracy in locating
landmarks in the occlusal plane and/or variation in it (3,5,7-8,15,18-19,21).

The APDI is a combination of three singular measurements which found the
highest correlation against molar displacement (16). In this study the VIS and the
APDI (which showed the highest kappa value between each other) revealed the
proportion of sagittal classes distribution between the remarkably different results of
the ANB angle and the Wits appraisal. It may be assumed that these two parameters
are more accurate than the ANB and the Wits appraisal. This is similar to the previous
study of Hurmerinta (32), which showed that the interpretation of sagittal structures
according to both the ANB angle and the Wits appraisal was affected by the vertical
pattern of the face. In the ANB angle, the proportion of class 11 was larger in the high-
angle group and smaller in the low-angle group. In contrast, in the Wits appraisal, the
low-angle effect increased the proportion of retrognatic features. This contrasting
behavior within the vertical dimensions showed that different geometrical factors must
be involved with these two parameters and suggested that in extreme or controversial
cephalometric interpretations of the ANB angle and the Wits appraisal, a visual
impression provides essential aid in diagnosis and skeletal classification (32). Also,
because the APDI is a combination of three singular measurements, it is more difficult
to perform than the VIS, which is convenient, economical and instantaneous. It is

concluded that in patients with vertical problems, VIS is the appropriate parameter.
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CHAPTER VI
CONCLUSIONS

1. The present study revealed remarkable differences in sagittal jaw relationship
classification by seven parameters only in the high-angle cases. It may be concluded
that the high-angle cases are more critical than mean- and/or low-angle cases.

2. Analysis of ANB and Wits parameters showed that they were affected by the
vertical pattern of the face and were very different to each other. These results were
most unexpected. The VIS and APDI revealed that the proportion of samples that could
be assigned to the three sagittal classes lay between that of the ANB and Wits analysis.
On the basis of previous evidences, it may be assumed that these two parameters are
more accurate than the ANB and the Wits appraisal. Also, because the APDI is a
combination of three singular measurements, it is more difficult to perform than the VIS,
which is convenient, economical and instantaneous. It is concluded that in patients with

vertical problems, VIS is the appropriate parameter.
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