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ABSTRACT

The purpose of this study was to compare the palatal size and shape in Class I,
Division 1 malocclusion in Thais. Untreated orthodontic samples of the 12-15-year
group (20 males and 20 females) and the 19-22-year group (20 males and 20 females)
were analyzed. All had a complete permanent dentition including the second molars
with absence of posterior crossbite and abnormal habits. Palatal landmarks at first
premolar and first molar in frontal planes and midsagittal in sagittal planes were
digitized with the Coordinate Measuring Machine (CMM) and reported into their
corresponding coordinates (X-, Y- and Z- direction). Palatal sizes in the frontal and
sagittal planes were computed and palatal width, height and length were compared
between ages and sexes by independent T-test. Then these coordinates were
processed through a computer curve-fitting program to define the parameters of
fourth-degree polynomial function in order to describe their palatal shapes.

These finding indicated that in the 19-22-year group palatal width, height and
length were slightly greater in males than females, in contrast with the 12-15-year
group in which they were slightly greater in females than males. Palatal width and
height were greater in the 19-22-year group than the 12-15-year group but palatal
length was greater in the 12-15-year group than the 19-22-year group. Nevertheless,
the differences were minimal and the statistical analysis yielded no significant
gender and age difference except that molar width and height in the 19-22-year
group were significantly greater than the 12-15-year group in both males and
females.

The palatal shapes were shown to be accurately represented mathematically by
the fourth-degree polynomial function with correlation coefficients higher than 0.98.

In conclusion, modifications in palatal size and shape are still to be expected,
even after the eruption of the second permanent molars. These modifications should
be considered as a possible factor in palatal expansion and the stability of
orthodontic treatment.

KEY WORDS: PALATAL FORM/ MATHEMATICAL MODEL/ COORDINATE
MEASURING MACHINE/ CLASS 11, DIVISION 1
MALOCCLUSION
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CHAPTER I
INTRODUCTION

The human hard palate is formed by the palatine processes of the maxilla and the
horizontal plates of the palatine bones. All components of the bony palate are joined
together by the median and transverse sutural joints.

At birth, the growth of the maxilla is already accompanied by extension of the
sinus maxillaris. The expansion of the maxilla is carried out by apposition and
resorption in the area of the thin-walled structures over the roots of the premolars and
molars. In contrast to the mandible, the maxilla can increase in width (because of the
palatal suture) until the end of the growth period. So the patients with skeletal
maxillary constriction, the several methods of arch expansion are possible. Rapid
palatal expansion (RPE) has been widely used. Typically, RPE is done with a
jackscrew that is activated at 0.5 to 1 mm. per day.

Regarding the palatal configuration, a high narrow palate will give a better result
than a low flat one.

Human palatal anatomy has been examined in early studies of skeletal remains.
It is evident that is range of variation, either in structure, shape, size configuration or
other distinct contrasting characteristics[1, 2]. A number of anthropologists have
related maxillary arch development to different dietary, environmental and physical
factors or various populations[3-6]. In most instances, the palate is slightly concave
toward the oral cavity, but the palate is sometimes subject to morphologic
variations[7].The most frequent deformation of the palate is the torus palatinus[8, 9].
The high palate, which is a characteristic sign of many syndromes[10], cause
malocclusion, phonetic and respiratory disorders. Although both anomalies occur
frequently in modern populations, little is known about their etiology. It is uncertain
whether the increasing radius of the palatal concavity is accompanied by other vertical

dimensional changes in the skull.
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Class Il malocclusion is reported as the most frequently seen skeletal
disharmony in orthodontic population[11, 12]. Ast et al[13] examined 1413 high
school students from up-state New York, age 15-18 years, and found that 23.8% had
Class Il malocclusions, whereas 69.9% had Class | malocclusions. This ratio,
approximately 1:3, was similar to that reported by Goldstein and Stanton[14] for white
American children. However, in a group of American blacks evaluated by Altemus
[15], the ratio of Class Il to Class | malocclusions was about 1 to 6.

Transverse component in Class Il patients is of great importance as sagittal or
vertical components. Some of the authors evaluating transverse dimensions had
reported that maxillary arch was narrower in patients with Class Il, Division 1
malocclusion, and an expansion was needed during or before treatment[16-18].
Besides, Varella[19] had reported that the deficient transversal growth of the maxilla
and the sagittal growth of the mandible appeared to cause the typical Class Il
occlusion. However, in one of the earlier studies, Frohlich[20] found no difference in
transverse dimension between Class | and Class Il subjects. Staley et al[21] stated that
patients with Class |1, Division 1 malocclusion had narrower maxillary intercanine,
intermolar, and alveolar widths. Buschang et al[22] had evaluated the differences in
dental arch morphology among untreated adult females with Class I, Class I, Division
1, and Class Il, Division 2 malocclusions and reported that Class Il, Division 1
females had the longest and narrowest arches.

Nearly a century ago, Shaw, 1876[23] published data on palatal width, length
and height for human adult subjects. Later investigators have more often studied the
transverse and antero-posterior components of the maxilla (dental arch widths and
lengths) than its vertical components (palatal depths or heights)[24-29]. An
examination of research literature over the last 90 years revealed the reports that the
quantitative analysis of dental casts (for instance, the dimensions and relative positions
of the teeth, the dimensions of the palate) is usually performed by direct techniques:
several standardized landmarks that should be used as end points of the measurements
are individualized on the cast, and the measurements are taken directly in the mouth or
on the model of living subjects or indirectly analyzed from two-dimensional

photographic.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Orthodontics) /3

According to the general method, the error of measurement was happen in the
process of transferring three-dimensions of dental casts to two-dimensions. In the
present day, a highly accurate measuring device (CMM) used in the machine tool
industry can be applied to record specific landmarks directly on dental models[30].
The study of the reliability of CMM in measuring dental models[31] had concluded
that the Coordinate Measuring Machine can be applied to measuring dental casts in
three dimensions with highly accurate, reliable and reproducible results.

As a result from Yungsu, 2008[32] which was comparing the palatal size and
shape in normal occlusion by 2 methods

1. The manual method by measured the silicone impressions of the palate with
the electronic digital vernier caliper

2. The Coordinate Measuring Machine (CMM) method

The study concluded that the manual method had reliable and reproducible
results. Unfortunately, the method was time-consuming and no data banks for future
measurements or for derived data could be obtained. While the CMM could be applied
to measuring the palate in three dimensions with no time-consuming, highly accurate,
reliable and reproducible results.

Review of the literature indicated that few studies evaluated the palatal size and
shape in Class 11, Division 1 patients in the permanent dentition. This study compares
palatal size and shape among the 12-15-year group and the 19-22-year group in Class
I, Division 1 malocclusion that clinicians could use in diagnosis and treatment

planning.

The purposes of the study

1. To investigate the average values of palatal size (palatal width, height and
length) in Class 11, division 1 malocclusion between age groups.

2. To compare the palatal size in Class II, Division 1 malocclusion between age
groups.

3. To compare the palatal size in Class I, Division 1 malocclusion according to
sexual dimorphism.

4. To compare the palatal size in Class II, Division 1 malocclusion and normal

occlusion.



Deaweena Yungsu Introduction /4

5. To compare the palatal size in Class Il, Division 1 malocclusion from Thai
and other ethnics.
6. To define a generalized equation describing the palatal shape in Class II,

Division 1 malocclusion by the application of a computer curve-fitting program.

The expected benefits of this study

1. It is a scientific data to present what exactly the palatal size in Class II,
Division 1 malocclusion (palatal width, height and length) between age groups in Thai
population.

2. It is a scientific data to establish the mathematical function that describes the
palatal shape in Class Il, Division 1 malocclusion in Thai.

3. It is a scientific data for an appropriate diagnosis and orthodontic treatment

planning.

Statement of hypothesis

1. There are no significant differences in palatal size in Class Il, Division 1
malocclusion between age groups.

2. There are no significant differences in palatal size in Class II, Division 1
malocclusion among sex.

3. There are no significant differences in palatal size among Class Il, Division 1
malocclusion and normal occlusion.

4. There are no significant differences in palatal size in Class Il, Division 1
malocclusion among Thais and other ethnics.

5. There are correlations between the recorded coordinates and the calculated
coordinated from the equation.

6. The fourth-degree polynomial fits the Thai palatal shape in Class I, Division

1 malocclusion.
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CHAPTER I
LITERATURE REVIEW

Growth-related changes in size, shape, and position of the facial skeleton and the
associated growth of the dentition have been well documented by longitudinal lateral
cephalometry[33, 34]. This has been crucial to our understanding of normal and
abnormal facial growth in the vertical and sagittal planes[35]. However, facial growth
changes in the coronal plane (i.e., changes in the transverse dimension) are less well

understood.

Growth and development of the palate

The palate begins to develop early in week 6, but the process is not completed
until week 12. The most critical period during palatal development is the end of the
sixth week.

The palate of the growing child undergoes a dramatic increase, which can
expands in width, length, and height, but the last dimension is most remarkable.

1. Growth in width

Transverse growth-related bony changes in palatal width and maxillary alveolar
process crossarch width are thought to result from growth at the median palatal suture
and appositional remodeling along the lateral aspects of the posterior region of the
maxilla and the maxillary tuberosity[36, 37]. Median palatal sutural growth is greatest
in the posterior portion of the suture and occurs well into the second decade of life[36-
38], with sutural fusion occurring in the mid-20s[38, 39]. Increases in maxillary
skeletal width have been measured longitudinally into the mid and late teen years[36,
37].

The palate is able to follow by its expansion capacities at the midpalatal suture.
Even after fixation of the sagittal sutural system, the palate maintains some capacity to

expand.
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Transverse growth is the dimension of palatal growth that is completed first.
Although the width of the anterior portion of the palate is completed prior to the
adolescent growth spurt, posterior width of the palate is closely tied to increasing
palatal length. Intercanine width changes very little after 12 years of age, but width
across the second and third molar area continues to increase until these teeth are fully
erupted. Although posterior width increases may be completed in females at 15 years,
those in males continue until age 17 to 19[38]. Many longitudinal studies of dental
arch width showed that intermolar width increases occur during the first 2 decades of
life[36, 37, 40, 41]. Hesby et al, 2006[42] stated that from ages 7.6-26.4 years
Transverse maxillary basal bone width increases, maxillary alveolar process width
increases, and mandibular alveolar process bone width increases are consistent with
transverse molar movements during growth.

Byork[43] has demonstrated conclusively with implants and antero-posterior
cephalograms that the palatal suture contributes approximately 5-6 mm. to the width
of the maxillary arch. Byork observes longitudinal data for maxilla and somatic
growth that he compiled over many years. He stated that height gain and midpalatal
widening are synchronous, both demonstrating a coincidental rapid increase at puberty
and the palatal expansion continues until the end of puberty.

The times for the pre-puberal minimum, puberal maximum and completion of
growth are shown in Figure 1 for the sutural growth, compared with growth at the
mandibular condyles and with the body height. The various times are expressed in
terms of means and individual ranges of variation. In this group of boys the pre-
puberal minimum occurred at 11 %% years and the puberal maximum at around 14 years
for both sutural and condylar growth. For the body height these times occurred a few
months earlier. The puberal growth of the face therefore took place slightly later than

the growth in height.
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Figure 1: Mean times and individual variations for pre-puberal growth minimum,
puberal growth maximum and completed growth in body height, the growth at the

mandibular condyles and the sutural growth of the upper face

2. Growth in length

The maxilla does not grow forward or make room for erupting teeth by
depositing new bone on the anterior surface. Instead, new growth occurs posteriorly in
the maxillary tuberosity area. In effect, the maxilla is growing posteriorly but is being
displaced anteriorly. In this way, some minor resorption can occur on the anterior

surface of bones despite their net forward movement. (Figure 2)

Figure 2: Midsagittal section of the maxilla

Antero-posterior maxillary growth continues beyond the age at which transverse
growth ceases, usually continues throughout puberty and appears to be closely
associated with growth in skeletal body height. Increases in length of the alveolar
process are also associated with eruption of the second and third molars. In girls,
antero-posterior growth is nearly completed by age 14 or 15, which is 2 to 3 years
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after menarche. Boys, on the other hand, grow in this dimension for a much greater
period, often not reaching adult growth levels until the early 20s, or approximately 4
years after sexual maturation. Melsen, 1975[38] stated that growth in length of the
hard palate until the age of 13-15 was due to growth in the transverse suture and to
apposition on the posterior margin of the palate. After this age the sutural growth was
found to cease, whereas the apposition seemed to continue for some years.

3. Growth in height

The palate can increase in height by the alveolar bone growth, the eruption of the
teeth and the activity involved in palatal drift. The nasal floor has a resorptive quality,

while the opposite surface, the roof of the palate, displays bone formation. (Figure 3)

Figure 3: Crossection of the palate

Vertical growth in the maxilla continues beyond the age at which transverse and
anteroposterior growth cease. Usually adult levels of vertical growth are reached at 17

or 18 years for girls and later for boys.

The variation in the palatal form

Ethnic

The studies of the etiological factors of malocclusion in the different races have
shown that growth of the jaws was strongly influenced by genetic as well as
environmental factors, such as nutritional status, degree of physical activity, health and
similar factors[44].

Krogman,1962[45] studies on human skulls and he shown that Negroids tended
to have a marked alveolar prognathism with a rectangular or wide palate. Caucasians
on the other hand, tended to have orthognathous faces with a rather triangular or

narrow palate. Mongoloids tended to have a round skull and they displayed some
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alveolar prognathism, but as marked as in Negroids. The palate was parabolic or
horse-shoe shaped.

Graber, 1972[46] stated that ethnic groups differ in craniofacial structure. This
fact however, should imply differences not only in skeletal profile but also in basal
bone structures. Faces with broad outline have broad shaped upper arches while
narrow faces have long, high vaulted and narrow upper arches.

Syndromes

Gorlin and Pindborg, 1964[47] were studied among a variety of congenital
anomalies involving the oral cavity. They found a group of at least 10 apparently
unrelated syndromes in which an almost constant finding of high palatal form has been
reported.These include Apert syndrome, Turner syndrome, Franceschetti-Treacher-
Collins syndrome, Marfan syndrome, Trisomy 21 syndrome, and others.

Age and sex

Shapiro et al, 1966[48] were presentation of palatal measurements of normal
children at various age levels (age 6 to 18) and adult. The data suggested that the
average relative height of the palate increases somewhat more rapidly after age 11
years than between the ages of 6 and 11 years and that, during the same period, the
average relative height of the male palate becomes increasingly greater than that of the
female.

Tsai H, 2004[49] stated that the mean palatal depth was 10.77 mm. in boys and
10.67 mm. in girls with no significant differences between the sexes, and no
significant differences between the right and left sides. However, girls had a
statistically significantly narrower palatal width than did boys. Palatal widths on the
left side were statistically significantly larger than those on the right side for both
sexes.

Other factors

Westling and Mohlin, 1996[50] were studied the relationship between the palatal
dimensions and inherited factors such as body height in a sample of 87 patients with
high and narrow palatal form. They found that the patients with high palates were
significantly taller than Swedes of the same sex and age. Sucking habits neither seem
to influence crowding nor the palatal dimension at the molar region. Mouth breathing
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strengthened but was not a pre-requisite for the significant correlation between palatal
height and body height.

Isaacson et al, 1971[51] drew attention to the transverse dimensional difference
among different vertical facial patterns. A narrower maxillary intermolar width was
found in the high mandibular angle cases compared with average angle cases, and a
wider dimension was found for low angle cases than for average ones.

Hsu, 1998[52] was measurement the study casts of patients with anterior open
bite to compare the width of maxillary and mandibular arches and the depth of the
palate. The ratio of palatal depth to maxillary intermolar width in the open bite groups
was significantly larger than that of the control groups because of narrower maxillary
intermolar width. The difference in the ratios may explain the general impression of
the “high” palatal vaults of anterior open bite cases, although the absolute depth of the
palate was not found to be larger than that of the control groups.

The patients with myotonic dystrophy, causes a secondary lowering of the
mandible, may permit an over eruption of the teeth[53]. In this case, the palatal vault
height is possibly increased because of the over eruption, and the mandible rotates

posteriorly.

Transverse maxillary constriction

Skeletal maxillary constriction, which is distinguished by a narrow palatal form,
usually produces a posterior crossbite, and posterior crossbite due to a narrow maxilla
is an indication for treatment at the time it is discovered (Figure 4). The bilateral
crossbite with a high palate can be corrected by opening the midpalatal suture, which
widens the roof of the mouth and the floor of the nose at any time prior to the end of
the adolescent growth spurt (Figure 5). But the bilateral crossbite with a shallow palate

the extensive expansion would be contraindicated (Figure 6).
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Figure 4: A narrow palate

Figure 5: The bilateral crossbite with a high palate

Figure 6: The bilateral crossbite with a shallow palate

The purpose of palatal expansion is to increase basal bone and arch length,
which greatly reduce the number of extraction or surgery. Several methods of arch
expansion are possible, but to obtain skeletal effects, it is necessary to place force
directly across the suture which can be done in two ways: (1) Rapid expansion and (2)

Slow expansion
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The search for the normal range of the palatal vaults

1. Talbot, 1892[54] had devised an instrument which appeared to be very
satisfactory for its purpose, the measurement of width and height. In order to measure
the third dimension, however, Talbot’s instrument was modified so that the length of
the palate might be measured, as well as the width and height. This instrument was

named “palatometer” (Figure 7) (29).

Figure 7: Palatometer : A, adjustable curved arms ;B, adjustable vertical millimeter
bar ;C, movable horizontal millimeter bar ;D, concave sliding shoulder ;E, shoulder
handle and set screw ;F, set screw for adjusting mechanism of instrument ;G,
adjustable handles ;H, crescent millimeter bar ;J, set screw ;K, movable knob for

adjustment of B ;L, M, N, indicators

2. Lebret, 1962[55] was studied growth changes of the palate in thirty
longitudinal series of dental casts (13 boys and 17 girls), including the transition from
the deciduous to the permanent dentition. The symmetrograph of Korkhaus (Figure 8)
was utilized for measurements and tracings of the mid-sagittal and transversal

contours of the palate.
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Figure 8: The symmetrograph of Korkhaus[56] and dental cast for tracing the

transversal contour of the palate with the pantograph

3. Shapiro et al, 1963[10] was made a modification of earlier instruments
(palatometer)[57] to incorporate simplicity of design and used. The instrument (Figure
9) was designed so that adjustments could easily be made by one person. All locking
devices were located extra-orally. A horizontal plane was established by contacting
three reference areas: the lingual cervical lines of the two maxillary first molars and

the labial tip of the interdental papilla between the two maxillary central incisors.

Figure 9: Instrument for measuring palatal dimensions

4. Johnson and Baghdady, 1969[58] were developed a palatal height gauge
(Figure 10) to measure maximum palatal height to compare normal height dimensions
with the dimensions of individuals affected with Turner's syndrome on palatal

impression cast (Figure 11).
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Figure 10: Palatal height gauge: A, micrometer; B, measurement bar; C, micrometer
center post; D, posterior pin; E, upper locking screw; F, posterior pin positioner; G,
anterior pin positioner; |, anterior pin; 1, lower locking screw: J, leveling platform; K,

calibration lock screw; L, leveling platform collar

Figure 11: Palatal impression cast on the maxillary plaster model

5. Howell, 1981[59] was studied a palatal index (P.1)[60] for normal Australian
children. Mean P.I. indices were compared in the primary, mixed and permanent
dentitions on stone casts at Level 1 (the apex of the interdental papilla distal to the
primary second molars/second premolars) and Level 2 (the apex of the interdental
papilla between primary first and second molar/first and second premolars) (Figure
12).
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Figure 12: Mixed dentition. a-b, level 1: c-d, level 2

Palatal width was measured with Vernier calipers. Palatal height was recorded
using A profile gauge by Vitrex® (Figure 13).which is a similar instrument to the
adjustable template used by Klami and Horowitz[61]. The pins on the buccal side of
the reference points were pushed away from the palate so that the shaped part of the
template now represented the palatal contour between the two reference points. The
two outer reference point pins of this contoured part of the instrument became the
baseline for height measurements which were recorded with a millimeter grid placed

on the template.

Figure 13: Profile gauge adapted to the palatal surface of the cast

6. Hsu, 1998[52] was explored the nature of the arch width difference for
patients with anterior open bite, whether dental or skeletal in nature, and clarify the
general impression of “high” palatal vaults for anterior open bite cases, to make sure if

there are “absolutely high” or “relatively high” palatal vaults.
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Measurements in male and female patients with open bite malocclusions were
analyzed and compared with those in male and female patients with normal occlusions.

All study models were marked with an H2 pencil in which the diameter was no
greater than 0.3 mm.

1. Central fossae of upper first molars

2. Central part of middle buccal cusp of lower first molars, which occlude with
central fossae of upper first molars in an ideal occlusion

3. Distal pits of upper first premolars

4. Mesiolabial marginal ridge points of the mandibular second premolars

After being marked, the occlusal views of all models were copied with a Konica
copy machine at 1:1 magnification ratio. The models were placed on the machine with
maximal contacts over the premolar and molar area when copying. The occlusal views
were printed on papers, and the following distances were measured by two
investigators with a digimatic caliper (Mitutoyo) (Figure 14):

1. Upper intermolar distance (central fossae)

2. Lower intermolar distance (middle buccal cusp)

3. Upper interpremolar distance (distal pits of first premolar)

4. Lower interpremolar distance (mesiolabial marginal ridge point of second

premolars)
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Figure 14: The distances of upper and lower dentition: : (1) upper intermolar width-
distance between central fossae of upper first molars; (2) lower intermolar width-
distance between central part of middle buccal cusps of lower first molars; (3) upper
interpremolar width-distal pits of upper first premolars; and (4) lower interpremolar

width-mesiolabial marginal ridge points of lower second premolars.

The distal aspect of maxillary models was trimmed until the deepest parts of the
central fossae showed up on the edge. These models were then copied, and palatal

depths were measured accordingly (Figure 15).

Figure 15: The measurement of palatal depth

7. Tsai H, 2004[49] was investigated the transverse view of the morphology of
the palatal vault in the primary dentition at the primary second molar level.
Observations were obtained from 150 dental stone casts of normal children (78 boys
and 72 girls : aged four to five years).The distal aspect of the upper stone casts was
trimmed perpendicular to the midpalatal raphe up to the deepest parts of the central
fossa of the upper second primary molars. Standardized photographs of the distal

surfaces of the stone casts were obtained at a 1:1 magnification using a digital camera
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(Figure

16). Sixteen reference points (Figure 17) on the photographs were digitized as

coordinates using customized software.

Reference points;

1
2
3
4
5.
6
7
8
9

. mesiobuccal cusp tip of the right upper primary second molar
. central fossa of the right upper primary second molar

. mesiopalatal cusp tip of the right upper primary second molar
. palatal cervical line of the right upper primary second molar

point near upper third of the palate on the right side

. point near middle of the palate on the right side;

. point near lower third of the palate on the right side
. midpalatal raphe

. point near lower third of the palate on the left side
10.
11.
12.
13.
14.
15.
16:

point near middle of the palate on the left side

point near upper third of the palate on the left side

palatal cervical line of the left upper primary second molar

mesiopalatal cusp tip of the left upper primary second molar

central fossa of the left upper primary second molar

mesiobuccal cusp tip of the left upper primary second molar

point that the perpendicular line from point 8 intersects the line point 4-12.

Measurements;

L1: distance between point 4 and point 16 (palatal width on the right side)

L2: distance between point 12 and point 16 (palatal width on the left side)

L3: distance between point 8 and point 16 (palatal depth)

L4: distance between point 3 and point 13 (dental arch width)

Al: angle formed by the intersection of the line point 1- 3 to the line point 4-12

(right upper primary second molar angulation)

A2: angle formed by the intersection of the line point 13-15 to the line point 4-

12 (left upper primary second molar angulation)

Then palatal width, height, and arch width were measured.
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Figure 16: Distal surface of the stone casts
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Figure 17: Reference points and measurements

8. Ferrario et al, 1998[62] was used an electromagnetic three-dimensional
computerized digitizer to measure several landmarks on the palates of healthy
adolescents with normal dental arches and palates, and mathematical equations of
palatal shape independent of size were developed.

On each cast, the intersections of the palatal sulci of the left and right first
permanent molars with the gingival margin (landmarks MR and ML in Figure 18), the
incisive papilla (IP), and the posteriormost limit of the palatal raphe (RP) were
identified and marked. Using a mechanical instrument that works on the three
orthogonal spatial planes, the intermolar MR-ML line was traced, as well as its
perpendicular starting from IP. The intersection point between the intermolar line and
the papilla perpendicular was marked as “M” (Figure 18). On the IP-M line, 11 nearly
equidistant points were further marked, while on the MR-ML line, 13 points were
further marked. The three-dimensional (x, y, z) coordinates of the 29 landmarks (24
points on the two lines, plus MR, ML, IP, RP, and M) were then obtained with an

electromagnetic three-dimensional digitizer.
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Figure 18: Digitized points on the stone cast of each palate. IP: incisive papilla; RP:
posteriormost raphe point; MR, ML.: left and right molar points; M: sagittal “*‘molar’’

point.

9. Heiser et al, 2004[63] were investigate the changes in palatal volume and
palatal height in patients treated with and without premolar extractions. Stone casts
were mounted in a SAM 2 articulator with an anatomic face-bow and a central wax
record, and measurements were made with a 3-dimensional digitizer.

Recording palatal volume and height

From all maxillary stone casts, 2 silicone impressions were made (Figure 19).
One was used to construct crosssections, and the other to obtain longitudinal sections.

The method to evaluate the palatal volume was reported by Hammedinger[64].

Figure 19: Trimmed silicone impression

Sectioning could thus be carried out exactly at the desired position with a special
cutting device (Figure 20), and cross-sections of each silicone impression could be
made. To evaluate the tongue room supply on the palate, different silicone sections

were made with the following demarcations (Figure 21).
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Figure 20: A special cutting device

Figure 21: Demarcations of silicone sections A through E

Cross section A. From the incisal edges 11/21 and 12/22 to the cusps of 13/23
and to contact points 14/13 and 23/24 (Federation Dentaire Internationale tooth
numbers).

Cross section B. From contact points 14/13 and 23/24 to the lingual cusps 14/24
and to contact points 15/14 and 24/25.

Cross section C. From contact points 15/14 and 24/25 to the lingual cusps 15/25
and to contact points 16/15 and 25/26.

Cross section D. From contact points 16/15 and 25/26 to the lingual cusps 16/26
and to contact points 17/16 and 26/27.

Cross section E. From contact points 17/16 and 26/27 to the lingual cusps 17/27
and to contact points 18/17 and 27/28.

The single cross sections were weighed, and, with the correlation index, the
volume could be calculated.

Palatal height

The silicone cross sections were photocopied at a ratio of 1:1. A line from the
highest point at the palate raphe perpendicular to the occlusal plane was constructed,

and the distance was measured with an electronic slide caliper.
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The search for the normal range of the palatal form in Thai

1. Suvannasankha, 1996[65]

This study was evaluate

1. Arch length: from the photographs with digital vernier caliper

2. Arch width: on models (intercanine width, inter first premolar width, inter
second premolar width, and inter first molar width) (Figure 22)

Figure 22: Arch width measurements: A; intercanine width, B; inter first premolar

width, C; inter second premolar width, D; inter first molar width

3. Arch height: on models (Figure 23) at canine, first premolar, second premolar,

and first molar

Figure 23: Arch height measurements

2. 'Yungsu, 2008[32]
This study was compared the palatal measurement in normal occlusion from 40
dental casts by using the manual method and the Coordinate Measuring Machine
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(CMM) to record the landmarks on dental model and report these landmarks in the
corresponding X-, Y- and Z- coordinates.

1. The manual record

The frontal and sagittal silicone impressions (Figure 24) and the electronic
digital vernier caliper (Figure 25) (mitutoyo Digimatic caliper, Mitutoyo Corporation,
Japan, accuracy of 0.01 mm.) were used for the measurement of palatal width, height
and length.

Figure 24: Frontal and sagittal silicone sections
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Figure 25: The digital vernier caliper

This method used to collects 3-dimensional data on the human palate by Heiser
2004[63, 66, 67] with reliable and reproducible results. Unfortunately, the method is
time-consuming and no data banks for future measurements or for derived data could
be obtained.

2. The CMM (Coordinate Measuring Machine) method

CMM is used extensively in the precision machine tool industry (Figure 26). As
previously described, Braun et al[68] have used CMM to record the X-,Y- coordinates
of dental landmarks for the study of human dental arch forms and the comparison of

inter maxillary tooth size discrepancies among different malocclusion groups.
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Figure 26: The coordinate measuring machine: A) CMM (LK G-90C), B) Touch

trigger probe, C) A hand stick was used to control the direction of trigger probe

From Yungsu, 2008[32] the CMM can applied to measuring the palatal form in
three dimensions with high accurate, reliable and reproducible results, as previously
described by Braun et al, 1998[68].

Mathematical definition of the shape of palatal form

Dental arch shapes have been extensively classified both using simple qualitative
descriptions and more complex mathematical methods. In the first case the dental
arches were described as elliptic, parabolic, U-shaped or approximately catenary.
More complex procedures involved different curve-fitting mathematical models.
Several curve-fitting algorithms bave been used: parabolars[69], semi-ellipses,
catenary curves[70], conic sections[71], cubic spline curves[72], second to eighth
order polynomials[70, 73, 74].

Few studies evaluated the palatal form with mathematical models.
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Tsai, 2004[49] described the morphology of the palatal form, the nine reference
points (points 4-12) (Figure 17) were used to apply a polynomial model (16) Y =
a+bX+cX+dX?

The polynomial function used in this study is an equation of the third degree and
of minimal complexity, which enables one to trace curves through the reference points.
It provided good curve fitting for the outline of the palatal vaults (Figure 27), with the
polynomial producing the best correlation coefficients. The methods used in this study
are helpful for understanding standards of palatal dimensions and shapes and

differences between boys and girls.
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Figure 27: Superimposition of the palatal vault

Ferrario et al, 1998 [62] showed the curve of the palatal surface which was fitted
to a fourth-degree polynomial [74, 75] Y = aX* + bX? + ¢ X* + d X* separately for the
sagittal and the frontal plane projections of the three-dimensional standardized (i.e.,
size independent) coordinates of the digitized landmarks. In the sagittal plane
projection, 390 points were used (13 from each of the 30 palates), the origin of axes
was set in the incisive papilla, the x-axis corresponded to the horizontal projection of
the IP-M distance, and the y-axis to its vertical perpendicular. In the frontal plane
projection, 450 points were used (15 from each palate), the origin of axes was set in
the right molar point (MR in Figure 18), the x-axis corresponded to the MR-ML line,
and the y-axis to its vertical perpendicular.[74, 75] The four coefficients of the
polynomial equation were computed using the least-square method for describing
palatal curves in the frontal and sagittal planes, and the correlation coefficient (r) of
the curve was also assessed. In both planes, the polynomials fitted data well, with

correlation coefficients higher than 0.9. The curves are plotted in Figure 28.
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Figure 28: Mean palatal shape

Yungsu, 2008[32] using the CMM (Coordinate Measuring Machine) to record
the landmarks on dental model by using the LK Camio suit 5.5 program and report
these landmarks in the corresponding X-, Y- and Z- coordinates. The curve of the
palatal surface was then fitted to a fourth-degree polynomial[73-75] (y = a, + ax + bx*
+ cx® + dx*) separately for the sagittal (sagittal line) and the frontal plane projections
(premolar, IDP, and molar line). According to this based sample used, the lines were
considered to fit the data well, especially when taking the correlation coefficients
0.990 in the premolar line, 0.990 in the IDP line, 0.992 in the molar line, and 0.999 in
the sagittal line (Figures 29-32).
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Figure 29: The superimposition of the collected data (blue dot) and the calculated data

of the premolar line from the fourth degree polynomial function (pink dot).
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Figure 30: The superimposition of the collected data (blue dot) and the calculated data
of the IDP line from the fourth degree polynomial function (pink dot).
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Figure 31: The superimposition of the collected data (blue dot) and the calculated data

of the molar line from the fourth degree polynomial function (pink dot).
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Figure 32: The superimposition of the collected data (blue dot) and the calculated data
of the sagittal line from the fourth degree polynomial function (pink dot).

Lu, 1966[73] showed that a fourth — order orthogonal polynomial produces a
close fit with the shape of the human dental arch. A fourth degree orthogonal
polynomial may be used to represent the dental arch. The formular was presented as
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Y =aX'+bX*+c X +d X*

Each of the 4 weighting coefficients in the equation was interpretable in terms of
an arch’s form. The linear (a) and cubic terms (c) measure the asymmetry. They
measure the lopsidedness and the tiltedness of the asymmetry respectively. The
quadratic (b) and quartic (d) terms measure the symmetry. They measure the
tapperedness and the squaredness of the symmetry respectively. The above procedure
may be used in classifying classes of dental arches in terms of dental arch
isomorphism.

Lu, 1966[73] defined the following:

A (Index of total symmetry) = (b+d) / (a+b+c+d) x 100

B (Index of total asymmetry) = (a+c) / (a+b+c+d) x 100 = 100-A

A (Index of taperedness) = b/ (b+d) x 100

A4 (Index of squaredness) =  d/ (b+d) x 100 = 100- A,

Summary of review

Growth-related changes in size, shape, and position of the facial skeleton and the
associated growth of the dentition have been well documented by longitudinal lateral
cephalometry[33, 34]. Transverse growth-related bony changes in palatal width and
maxillary alveolar process crossarch width are thought to result from growth at the
median palatal suture and appositional remodeling along the lateral aspects of the
posterior region of the maxilla and the maxillary tuberosity[36, 37]. Growth in length
of the palate does not grow forward or make room for erupting teeth by depositing
new bone on the anterior surface. Instead, new growth occurs posteriorly in the
maxillary tuberosity area. And the palate can increase in height by the alveolar bone
growth, the eruption of the teeth and the activity involved in palatal drift.

Deviations in size may result in a lack of space for the tongue and, by its
abnormal position, influence the parameters and the rotation of the mandible. This,
along with abnormalities in the shape of the palate, may lead to speech disorders, an
important and sensitively perceived factor in interpersonal communication.

Class 1l malocclusion is reported as the most frequently seen skeletal disharmony
in orthodontic population[11, 12]. Some of the authors evaluating transverse

dimensions had reported that maxillary arch was narrower in patients with Class I,
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division 1 malocclusion, and an expansion was needed during or before treatment[16-
18] but the crosshite with a shallow palate the extensive expansion would be
contraindicated.

In 1934 in connection with the study of oral diseases in children, observations
and measurements of the hard palate were started. This investigation required the
services of an instrument which would measure in three dimensions. A search of the
literature for such an instrument showed that various investigators in measuring the
palate from casts and on living subjects had used various types of instruments, ranging

from simple calipers to the more complex dental surveying apparatus.
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CHAPTER 11
MATERIALS AND METHODS

Determining sample size

The sample of 12-15-year group (20 males and 20 females) and 19-22-year
group (20 males and 20 females) were selected. All subjects have never undergone
orthodontic treatment from the Department of Orthodontics, Mahidol University were

analyzed.

The following criteria were used in the selection:
1. All subjects were in the full permanent dentition without any missing
permanent teeth (except third molar).
2. Skeletal type I relationship (ANB > 4°), normal vertical configuration
3. Model was exhibited Angle’s classification I, Division 1 malocclusion
(without molar shifted).
a. bilateral Class Il molar relationship in centric occlusion with the mesial
groove of the mandibular first permanent molar articulates posteriorly (1/4
cusp width — full cusp width) to the mesiobuccal cusp of the maxillary first
permanent molar.
b. protrusive maxillary incisors (overjet > 4 to 9 mm.).
c. absence of posterior crossbite (even limited to a single tooth)
d. no torus palatinus
4. No abnormal habit, no history of mouth breathing, no tongue thrust
Dental arches of the patients were reproduced using an irreversible hydrocolloid
material (alginate) and transferred to dental models in orthodontic stone. (The dental

cast was show in Figure 33)
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Figure 33: The dental cast used in this study

Measurement and analysis of the samples

The maxillary stone casts were oriented in the Coordinate Measuring Machine
(CMM) (LK G 90C) (Figure 26).The device was used extensively in the precise
machine tool in the Faculty of Engineering, Mahidol university. Measurements of
dental casts using CMM in this study was done by technician who was trained to use
CMM. A frictionless air bearing probe recorded the coordinates of a point in space in
each of the three orthogonal axes to 10°® meters.

The casts were secured to a fixed plane. The points were recorded in each dental
model in the corresponding X-, Y-, and Z- coordinates automatically by using the LK
Camio suit 5.5 program: y-axis, anterior-posterior, x-axis, right-left, and z-axis,
caudocranial.

Before recording the dental landmarks, the datum (X, Y, and Z plane) was set at
the gingival margin between central incisor and the intersections of the palatal sulci of
right and left upper first molar (#16 and #26) with the gingival margin on each model.
The coordinates (X and Y) at these points were defined as zero. The Z-axis was then

perpendicular to this plane (Figure 34).
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Figure 34: Three points used in constructed of the Z-axis

The touch trigger probe was used to identify each of the measurement points in 2
planes (3 lines) (Figure 35).

1. Frontal plane having 2 lines

The premolar line: from the most lingual points at the gingival margin of right
and left upper first premolar (#14 and #24)

The molar line: from the intersections of the palatal sulci of #16/#26 with the
gingival margin

2. Sagittal plane

The sagittal line: from the gingival margin between central incisor through

midpalatal raphe to the molar line

The premolar line The sagittal line

The molar line

Figure 35: Three lines which identify each of the measurement (the premolar line, the

molar line, and the sagittal line)
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Then the following measurements were performed

1. Frontal plane:

The palatal width (unit: millimeters)

e the premolar width : the distance from the most lingual points at the
gingival margin of #14/24

e the molar width : the distance from the intersections of the palatal sulci of
#16/26 with the gingival margin

Maximum palatal height: (unit: millimeters)

e the premolar height : the distance from the highest point perpendicular to
the gingival plane at the premolar line

e the molar height : the distance from the highest point perpendicular to the
gingival plane at the molar line

2. Sagittal plane

The palatal length (unit: millimeters): the distance from the gingival margin
between central incisor through midpalatal raphe to the molar line.

Palatal index

Palatal index was then calculated using the formular [60]

P.I = Palatal height x 100
Palatal width

The curve of the palatal surface was then fitted to a fourth-degree
polynomial[73-75] (y = a, + ax + bx® + cx* + dx*) separately for the sagittal and the
frontal plane projections of the three-dimensional standardized (i.e., size independent)
coordinates of the digitized landmarks.

The five coefficients of the polynomial equation were computed using the least-
square method, and the correlation coefficient (r) of the curve was also assessed. r is a
measure of the goodness of fit of the interpolating curve to the experimental data,
where r=1 would mean a perfect superimposition between measured and estimated
points[75].
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Error of measurement

Replicate measurements by the same examiner were made on of 8 sets of
randomly selected dental after a 1 week interval and compared between two separate
of measurements.

Systematic errors for each of the measurements were calculated according to
Paired T-test.

The method errors for each of the measurements were calculated according to
Dahlberg’s equation.

Method error (ME) =

d = difference between two successive measurements

n = number of double determinations

Statistical analysis

All statistical analysis was performed using the Statistical Package for Social
Sciences for windows (SPSS) software package (version 11.5, SPSS Inc., Chicago).
And the significant level was predetermined at p-value < 0.05.

1. Descriptive statistics: The mean and standard deviation were calculated for
each palatal measurement.

2. Independent T-test was used to describe the mean difference of the palatal
measurements among 12-15-year/19-22-year, male/female and Class Il, Division 1
malocclusion/Normal occlusion (from Yungsu, 2008[32])

3. The mathematics function and the correlation coefficient were used to

describe the relationship between the recorded and calculated independent variable.
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CHAPTER IV
RESULTS

The measurements of the palatal form

Table 1 reports the descriptive statistics of the palatal measurement in each age
group. In the 19-22-year group, on average palatal width, height and length were
slightly larger in male than female, in contrast with the 12-15-year group which were
slightly larger in female than male, and palatal width and height were larger in the 19-
22-year group than the 12-15-year group but palatal length were longer in the 12-15-
year group than the 19-22-year group.

Nevertheless, the differences were minimal and the statistical analysis yielded no
significant gender and age difference except the molar width and height in the 19-22-
year group were significant larger than the 12-15-year group in both male and female

groups (Tables 2 —5).

Table 1: Palatal size in Class II, Division 1 malocclusion

Plane Measure Male Female

Adolescents Adults Adolescents Adults

Mean| SD | Mean| SD | Mean | SD | Mean | SD

Frontal

Premolar Width 2499 | 243 | 2640 | 2.29 | 25.64 | 2.03 | 26.19 | 2.38

Height 727 | 1.70 | 7.52 | 2.06 | 809 | 1.98 | 844 | 1.93

Molar Width 33.19 | 2.05 | 3495 | 2.64 | 32.87 | 1.68 | 34.21 | 242

Height 10.51 | 2.62 | 12.19 | 2.20 | 10.47 | 2.03 | 11.90 | 2.08

Sagittal Length 32.41 | 2.60 | 32.33 | 2.29 | 32.59 | 2.37 | 32.28 | 2.64
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Table 2: Statistical difference of each measurement between males and females from

the 12-15-year group

Plane Measurements Mean diff t p-value
(mm)

Frontal

Premolar Width 0.65 -0.91 0.366
Height 0.82 -1.41 0.166

Molar Width -0.32 0.54 0.594
Height -0.04 0.06 0.952

Sagittal Length 0.18 -0.23 0.817

Table 3: Statistical difference of each measurement between males and females from

the 19-22-year group

Plane Measurements Mean diff t p-value
(mm)

Frontal

Premolar Width 0.21 0.29 0.777
Height -0.92 -1.46 0.153

Molar Width 0.74 0.93 0.360
Height 0.28 0.42 0.677

Sagittal Length 0.05 0.06 0.949

Table 4: Statistical difference of each measurement between the 12-15-year group and

the 19-22-year group from males

Plane Measurements Mean diff t p-value
(mm)

Frontal

Premolar Width 1.41 -1.88 0.067
Height 0.25 -0.42 0.679

Molar Width 1.76 -2.36 0.024
Height 1.67 -2.19 0.035

Sagittal Length -0.08 -0.31 0.919
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Table 5: Statistical difference of each measurement between the 12-15-year group and

the 19-22-year group from females

Plane Measurements Mean diff t p-value
(mm)

Frontal

Premolar Width 0.55 -0.79 0.436
Height 0.34 -0.56 0.582

Molar Width 1.34 -2.04 0.049
Height 1.43 -2.20 0.034

Sagittal Length -1.46 0.40 0.695

Figure 36 shows the superimposition of the premolar line and the molar line
from the collected data of CMM record which the mean width and height of the
premolar line is smaller than the molar line. Figure 37 show the sagittal line from the
collected data of CMM record. Figures 38-40 show the superimposition of the
premolar line, the molar line, and sagittal line between male and female from the
collected data of CMM record. On average palatal width and height were slightly
larger in the male group than the female group. And figures 41-43 show the
superimposition of the premolar line, the molar line, and sagittal line between the 12-
15-year group and the 19-22-year group from the collected data of CMM record. On
average palatal width and height in the 19-22-year group was slightly larger than the
12-15-year group except palatal length which the 12-15-year group was longer than
the 19-22-year group.

Frontal plane
! . i g
JD::D 4 \13\ \rm m.-“* .0‘1:
2 % N
2 S ! :.’ + molar
= -6 ="
g i 1 B : ‘f « premolar
< S K
A \ TR P /
"\.uu.«gﬁu«..,,.“ .,.n"
Palatal width

Figure 36: The superimposition of the collected data from CMM record (the premolar

line- -pink dot, and the molar line-blue dot)
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Sagittal plane
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Figure 37: The collected data from CMM record (the sagittal line)
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Figure 38: The superimposition of the premolar line from CMM record between male

and female (male-red dot, and female-green dot)
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Figure 39: The superimposition of the molar line from CMM record between male and

female (male-red dot, and female-green dot)
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Figure 40: The superimposition of the sagittal line from CMM record between male

and female (male-red dot, and female-green dot)
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Figure 41: The superimposition of the premolar line from CMM record between the
12-15 and 19-22-year group (12-15-year group-blue dot, and 19-22-year group-pink
dot)
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Figure 42: The superimposition of the molar line from CMM record between the 12-

15 and 19-22-year group (12-15-year group -blue dot, and 19-22-year group-pink dot)
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Figure 43: The superimposition of the sagittal line from CMM record between the 12-
15 and 19-22-year group (12-15-year group-blue dot, and 19-22-year group-pink dot)

The parameters of the fourth degree polynomial function

The fourth degree polynomial function as follows: y = a, + ax + bx” + cx’ + dx*,
the d-parameter represented the extent of squareness; the b-parameter represented the
extent of taperness. While the a- and c-parameter represented left-right asymmetry of
palate.

With the least squares method, the curve-fitting program would calculate for
every existed. The results of each parameter in the 12-15-year group of the premolar
lines, the molar lines and the sagittal lines were shown in Tables 6 — 8 and the results
of each parameter in the 19-22-year group were shown in Tables 9 — 11.

Tables 12-13 show the values of correlation coefficients between CMM
measured values and calculated value of premolar lines, molar lines and sagittal lines.
The lines have been well-fit based on the fourth degree polynomial function.
According to this based sample used, the lines were considered to fit the data well,
especially when taking the correlation coefficients 0.988 in the premolar line, 0.991 in
the molar line, and 0.999 in the sagittal line from the 12-15-year group and the
correlation coefficients 0.985 in the premolar line, 0.986 in the molar line, and 0.998

in the sagittal line from the 19-22-year group.
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Table 6: The values of premolar parameter in the 12-15-year group

Sample Premolar Parameter

a,-parameter | a-parameter | b-parameter | c-parameter | d-parameter
1 8.960309 -2.169997 0.195998 -0.007866 0.000127
2 2.083291 -0.260453 -0.070292 0.004004 -0.000046
3 6.716931 -0.679193 -0.038010 0.002786 -0.000035
4 0.168799 -0.120912 -0.088616 0.005260 -0.000073
5 5.300773 -2.155827 0.102428 -0.001822 0.000026
6 -0.877879 0.228741 -0.168832 0.010501 -0.000170
7 6.566276 -1.496430 0.038495 0.000199 -0.000004
8 6.371231 -1.711889 0.058244 -0.001115 0.000031
9 1.034371 0.220936 -0.198614 0.013688 -0.000246
10 8.079170 -2.285711 0.148595 -0.005315 0.000100
11 -9.996174 5.664430 -0.858320 0.044699 -0.000746
12 0.167382 1.837051 -0.334684 0.015653 -0.000219
13 17.623150 -2.922853 0.158942 -0.004524 0.000067
14 8.489549 -2.003764 0.124612 -0.003802 0.000057
15 10.819289 -3.004466 0.214154 -0.006905 0.000093
16 -2.445003 1.381247 -0.272737 0.013227 -0.000184
17 3.402526 -0.896362 -0.013673 0.002622 -0.000043
18 5.330047 -1.202384 0.102487 -0.004087 0.000066
19 -5.754101 2.996915 -0.495555 0.023891 -0.000349
20 5.505165 -0.857216 -0.034757 0.003242 -0.000046
21 4.691822 -0.874651 -0.081014 0.006497 -0.000102
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Table 6: The values of premolar parameter in the 12-15-year group (Cont.)

Sample Premolar Parameter
a,-parameter | a-parameter | b-parameter | c-parameter | d-parameter
22 -0.381124 0.645244 -0.241247 0.013300 -0.000201
23 -1.124597 1.306693 -0.260297 0.013392 -0.000203
24 6.258784 -1.232010 -0.060528 0.006186 -0.000100
25 0.713214 0.039864 -0.156046 0.009594 -0.000149
26 3.472334 -1.355798 0.080193 -0.002182 0.000032
27 3.690148 -0.225213 -0.137758 0.009467 -0.000157
28 12.406187 -2.174337 -0.012140 0.005878 -0.000114
29 3.890573 -1.099527 0.055048 -0.001180 0.000013
30 0.248169 0.466604 -0.165739 0.008869 -0.000127
31 7.555258 -2.189149 0.040773 0.002100 -0.000044
32 5.696492 -2.313491 0.170116 -0.006042 0.000089
33 5.183774 -2.078414 0.081830 -0.001055 0.000012
34 3.467024 -1.295479 -0.000848 0.002867 -0.000043
35 19.995825 -5.231187 0.337135 -0.009990 -0.009990
36 -0.009990 -3.343923 0.193599 -0.005704 0.000080
37 12.285721 -4.320061 0.360614 -0.013891 0.000208
38 1.537167 -0.365563 -0.067496 0.003742 -0.000041
39 10.021935 -3.532157 0.251677 -0.007887 0.000099
40 8.155417 -2.183898 0.109028 -0.002122 0.000023
Mean 4.632481 -1.019865 -0.023331 0.003404 -0.000308
SD 5.696905 1.979984 0.227493 0.010475 0.001579
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Table 7: The values of molar parameter in the 12-15-year group

Sample Molar Parameter

a,-parameter | a-parameter | b-parameter | c-parameter | d-parameter
1 0.098421 -0.828268 0.055909 -0.001660 -0.001660
2 1.234060 -2.215997 0.188528 -0.007381 0.000112
3 1.997286 -1.941345 0.145002 -0.005379 0.000081
4 1.365431 -2.078890 0.141491 -0.004585 0.000066
5 0.546157 -2.977108 0.314062 -0.014422 0.000238
6 0.341492 -2.049212 0.138101 -0.004582 0.000072
7 0.754910 -1.351853 0.032801 0.000501 -0.000010
8 2.647007 -3.218962 0.251513 -0.009353 0.000141
9 0.154579 -1.574425 0.086918 -0.002286 0.000043
10 0.160341 -1.131657 0.026767 0.000328 -0.000001
11 0.323407 -1.397568 0.005595 0.002403 -0.000035
12 0.010381 -1.471171 0.069105 -0.001636 0.000025
13 0.344892 -1.386526 0.069384 -0.001353 0.000017
14 0.061394 -1.268878 0.108239 -0.003891 0.000054
15 3.805321 -3.183614 0.308225 -0.012248 0.000174
16 0.858464 -2.398871 0.124024 -0.002977 0.000042
17 0.444999 -2.217555 0.161707 -0.005342 0.000073
18 1.971016 -2.497668 0.250374 -0.010188 0.000146
19 1.162642 -1.184949 -0.090475 0.007496 -0.000109
20 0.098076 -1.672583 0.081618 -0.001818 0.000024
21 0.779368 -1.879354 0.101302 -0.002464 0.000033
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Sample Molar Parameter
a,-parameter | a-parameter | b-parameter | c-parameter | d-parameter
22 0.301997 -1.705030 0.079599 -0.001724 0.000026
23 0.017924 -0.906866 0.039859 -0.000946 0.000020
24 0.801315 -1.415061 0.042767 0.000026 -0.000001
25 2.692088 -2.834842 0.220483 -0.008356 0.000132
26 0.024899 -2.901724 0.312226 -0.013731 0.000213
27 0.266574 -1.849566 0.161556 -0.006217 0.000096
28 1.442554 -2.779325 0.266305 -0.011431 0.000182
29 0.289882 -1.344525 0.112161 -0.004258 0.000062
30 3.313305 -3.754068 0.381891 -0.016785 0.000270
31 0.500165 -1.898980 0.122588 -0.004020 0.000062
32 3.044545 -3.676137 0.354012 -0.014782 0.000227
33 1.890281 -3.447243 0.338293 -0.014390 0.000223
34 0.122728 -3.740968 0.431002 -0.021276 0.000378
35 0.835775 -2.829256 0.243193 -0.009372 0.000135
36 1.093556 -2.567198 0.200669 -0.007551 0.000112
37 3.112112 -3.206611 0.286264 -0.011270 0.000169
38 2315514 -2.660334 0.209262 -0.007838 0.000114
39 2.777708 -3.080783 0.239331 -0.008331 0.000115
40 0.478713 -1.639414 0.144059 -0.005593 0.000083
Mean 1.112032 -2.204110 0.168893 -0.006217 0.000054
SD 1.093670 0.834678 0.116546 0.005829 0.000293
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Table 8: The values of sagittal parameter in the 12-15-year group

Sample Sagittal Parameter
a,-parameter | a-parameter | b-parameter | c-parameter | d-parameter
1 -2.994256 -0.147865 0.014268 0.000710 -0.000022
2 -8.727455 -0.078292 -0.003638 0.001281 -0.000024
3 -7.499231 -0.025970 -0.034295 0.003953 -0.000079
4 -9.656796 -0.040507 -0.004092 0.001196 -0.000024
5 -10.480396 0.428950 -0.096919 0.006763 -0.000116
6 -11.179146 | -0.331540 0.022631 0.000779 -0.000027
7 -10.703680 0.013026 0.005147 0.000982 -0.000026
8 -12.784353 -0.022476 -0.015502 0.002613 -0.000054
9 -9.274588 -0.160778 0.012800 0.001391 -0.000040
10 -9.752367 0.004709 0.012394 0.000337 -0.000013
11 -12.736389 0.272924 -0.052390 0.005134 -0.000101
12 -10.409666 0.093223 -0.047772 0.004947 -0.000097
13 -8.802391 0.639045 -0.076394 0.005036 -0.000085
14 -4.717271 -0.295062 -0.012797 0.002364 -0.000044
15 -6.842721 0.149780 -0.017376 0.002256 -0.000131
16 -14.133924 0.149780 -0.017376 0.004669 -0.000131
17 -9.776045 0.145050 -0.021169 0.002256 -0.000044
18 -5.512358 -0.483783 0.092492 -0.003423 0.000040
19 -16.454346 | -0.011009 0.035755 -0.000379 -0.000007
20 -10.987458 0.073181 -0.003163 0.001376 -0.000031
21 -11.036966 | -0.324226 0.011988 0.001568 -0.000040
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Sample Sagittal Parameter
a,-parameter | a-parameter | b-parameter | c-parameter | d-parameter
22 -11.626148 | -0.074572 -0.032062 0.004523 -0.000099
23 -6.694473 -0.335132 0.020879 0.000631 -0.000023
24 -9.789942 0.001546 -0.026352 0.002500 -0.000043
25 -11.738691 0.121385 -0.019293 0.002830 -0.000062
26 -8.806704 0.105451 -0.028437 0.003072 -0.000059
27 -7.617316 -0.223406 -0.006796 0.002602 -0.000061
28 -9.517271 -0.155852 -0.033252 0.004264 -0.000084
29 -5.538972 -0.224220 0.027659 -0.000162 -0.000010
30 -9.331896 -0.082475 -0.019218 0.003388 -0.000075
31 -10.933058 | -0.346160 0.006500 0.001659 -0.000038
32 -11.147355 | -0.529439 0.063695 -0.000915 -0.000007
33 -11.020885 | -0.149692 -0.050257 0.004335 -0.000076
34 -12.237955 | -0.149692 -0.003053 0.002844 -0.000069
35 -11.270746 | -0.298470 0.014091 0.001007 -0.000027
36 -12.863135 | -0.244087 0.004728 0.002376 -0.000057
37 -9.329029 0.077185 -0.018751 0.001689 -0.000030
38 -11.068678 | -0.392257 0.036148 -0.000307 -0.000005
39 -11.190968 0.050396 -0.004040 0.001465 -0.000033
40 -6.385291 -0.303673 -0.007149 0.002571 -0.000056
Mean -9.814258 -0.077625 -0.006759 0.002155 -0.000050
SD 2.643555 0.238699 0.034472 0.001958 0.000037
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Table 9: The values of premolar parameter in the 19-22-year group

Sample Premolar Parameter

a,-parameter | a-parameter | b-parameter | c-parameter | d-parameter
1 -3.373065 0.823962 -0.169521 0.007415 -0.000092
2 11.697464 -3.609562 0.202504 -0.004979 0.000060
3 14.151183 -4.654683 0.334060 -0.010676 0.000134
4 17.694302 -4.414633 0.273401 -0.007974 0.000099
5 6.749351 -2.590768 0.255390 -0.010224 0.000145
6 19.999928 -5.220890 0.359814 -0.011870 0.000162
7 -0.366953 -0.039114 -0.028560 0.001498 -0.000019
8 15.583816 -6.274280 0.573256 -0.007782 0.000324
9 19.999241 -4.696480 0.261699 -0.007782 0.000107
10 5.829158 -1.558002 0.036165 0.000411 0.000137
11 11.708168 -3.652763 0.299623 -0.010529 0.000137
12 16.191391 -3.888567 0.238264 -0.007097 0.000093
13 19.243477 -4.661337 0.332619 -0.010876 0.000144
14 3.940005 -0.164028 -0.017925 0.000652 0.000009
15 1.872194 -1.367475 0.032565 -0.000141 0.000007
16 -1.038135 0.232116 -0.161272 0.008894 -0.000128
17 18.789614 -6.327855 0.574459 -0.023289 0.000349
18 8.651892 -1.286638 0.048879 -0.001261 0.000023
19 8.856569 -3.076391 0.211984 -0.007114 0.000099
20 5.945418 -2.973631 0.254549 -0.010080 0.000157
21 -3.466478 1.873950 -0.359419 0.018041 -0.000268
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Table 9: The values of premolar parameter in the 19-22-year group (Cont.)

Sample Premolar Parameter
a,-parameter | a-parameter | b-parameter | c-parameter | d-parameter
22 8.808551 -2.077607 0.116501 -0.003144 0.000039
23 -9.986231 3.382708 -0.440178 0.019167 -0.000263
24 19.529526 -4.075572 0.215164 -0.006664 0.000100
25 2.142259 0.279417 -0.130313 0.005860 -0.000070
26 2.342416 -1.164416 -0.014012 0.003015 -0.000048
27 5.662301 -1.975214 0.129966 -0.004039 0.000057
28 2.322756 -1.229341 -0.009683 0.003345 -0.000061
29 13.897021 -3.372313 0.174437 -0.004252 0.000050
30 7.738114 -2.143807 0.083163 -0.001296 0.000018
31 19.999975 -6.244756 0.462465 -0.015596 0.000212
32 18.069098 -4.158172 0.288302 -0.009579 0.000128
33 3.214347 -1.287405 0.031594 0.000505 -0.000012
34 4.521943 -2.232648 0.110512 -0.002233 0.000026
35 16.075733 -4.971160 0.366258 -0.012746 0.000188
36 1.415236 -0.337446 -0.110869 0.007731 -0.000121
37 14.187113 -3.939714 0.229321 -0.005867 0.000066
38 3.394613 -0.405856 -0.067427 0.004621 -0.000064
39 11.526367 -2.723032 0.152049 -0.004013 0.000047
40 9.937574 -4.904769 0.350304 -0.011645 0.000156
Mean 8.836431 -2.527704 0.137252 -0.003290 0.000053
SD 7.721896 2.280742 0.222866 0.008558 0.000129
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Table 10: The values of molar parameter in the 19-22-year group

Sample Molar Parameter
a,-parameter | a-parameter | b-parameter | c-parameter | d-parameter
1 0.451770 -2.122359 0.141635 -0.004317 0.000052
2 4.228656 -4.073606 0.382812 -0.015748 0.000238
3 1.679507 -3.188281 0.198046 -0.005402 0.000064
4 1.526805 -3.157069 0.289479 -0.012266 0.000199
5 0.799973 -2.583311 0.296514 -0.012610 0.000180
6 3.438857 -3.417392 0.316887 -0.012669 0.000181
7 0.466318 -1.795495 0.134687 -0.004905 0.000070
8 0.535484 -2.316322 0.140861 -0.004029 0.000053
9 2.636369 -3.885373 0.332685 -0.012075 0.000157
10 4.141043 -4.407427 0.418708 -0.017436 0.000264
11 1.719803 -3.067931 0.302827 -0.012029 0.000166
12 2.304742 -3.413541 0.309242 -0.011734 0.000159
13 4.415710 -4.217514 0.364861 -0.014034 0.000208
14 0.520249 -2.205170 0.148211 -0.005616 0.000109
15 0.366033 -4.116547 0.425605 -0.018116 0.000272
16 0.009371 -2.661371 0.190427 -0.006694 0.000100
17 0.673930 -2.384043 0.182644 -0.006485 0.000091
18 1.301764 -2.379033 0.188910 -0.006236 0.000075
19 6.457911 -4.915546 0.429046 -0.016144 0.000224
20 1.344466 -3.541225 0.410758 -0.019223 0.000315
21 2.107760 -3.556448 0.29678 -0.011698 0.000186
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Sample Molar Parameter
a,-parameter | a-parameter | b-parameter | c-parameter | d-parameter
22 1.813630 -2.451051 0.206494 -0.007465 0.000100
23 3.028346 -3.014931 0.194486 -0.007873 0.000155
24 4.122837 -2.514041 0.139422 -0.004119 0.000057
25 1.887755 -3.346069 0.329666 -0.012937 0.000173
26 -1.175437 -2.766621 0.276029 -0.011155 0.000159
27 0.039624 -3.047072 0.315637 -0.013615 0.000209
28 0.522323 -3.501283 0.349129 -0.014302 0.000208
29 3.034278 -3.187569 0.269439 -0.010056 0.000140
30 2.335732 -3.784595 0.357975 -0.014761 0.000222
31 0.538540 -3.756421 0.349800 -0.013586 0.000192
32 0.005466 -2.943240 0.277596 -0.011044 0.000156
33 0.773866 -2.446085 0.257583 -0.011485 0.000181
34 2.149482 -2.423033 0.118655 -0.002261 0.000026
35 2.506821 -3.230912 0.298738 -0.012116 0.000185
36 2.136230 -2.962602 0.271898 -0.011075 0.000170
37 2.070122 -4.287662 0.409324 -0.015973 0.000221
38 2.718563 -4.193744 0.463292 -0.020783 0.000327
39 3.761070 -3.041690 0.270043 -0.009344 0.000112
40 0.845013 -2.800715 0.234235 -0.008829 0.000124
Mean 1.856020 -3.177609 0.282277 -0.011056 0.000162
SD 1.544409 0.724137 0.093989 0.004526 0.000072
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Table 11: The values of sagittal parameter in the 19-22-year group

Sample Sagittal Parameter

a,-parameter | a-parameter | b-parameter | c-parameter | d-parameter
1 -12.303020 | -0.382437 0.045767 -0.000131 -0.000018
2 -11.763809 | -0.196230 -0.014840 0.003859 -0.000091
3 -16.193659 0.062458 0.013202 0.000644 -0.000021
4 -12.146576 0.062458 0.019199 0.001026 -0.000033
5 -4.855240 -0.560001 0.094439 -0.003498 0.000042
6 -9.987127 -0.264046 -0.008604 0.002279 -0.000046
7 -8.829147 0.087226 0.015455 0.000153 -0.000017
8 -13.171873 0.024167 0.009646 0.000075 -0.000003
9 -13.835431 -0.075083 -0.033530 0.003619 -0.000064
10 -12.349223 -0.182417 -0.000698 0.002430 -0.000058
11 -7.550590 -0.140562 0.039951 -0.001251 0.000010
12 -10.610811 -0.149542 -0.008337 0.003148 -0.000074
13 -12.922463 0.016460 0.003969 0.002599 -0.000071
14 -11.947735 0-023257 0.030808 0.001154 -0.000055
15 -12.861806 0.053962 -0.043052 0.003973 -0.000077
16 -14.796467 | -0.030494 0.019187 0.001107 -0.000042
17 -10.367315 -0.169767 0.012737 0.000720 -0.000021
18 -8.858755 0.465651 -0.083580 0.005460 -0.000086
19 -13.620870 | -0.136562 0.005673 0.002432 -0.000070
20 -8.255878 -0.118007 0.010648 0.000169 -0.000005
21 -14.297237 | -0.209849 0.006737 0.003489 -0.000101
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Sample Sagittal Parameter
a,-parameter | a-parameter | b-parameter | c-parameter | d-parameter
22 -8.412098 -0.305567 -0.005301 0.003113 -0.000072
23 -15.898733 0.083289 -0.001672 0.003089 -0.000085
24 -12.988497 | -0.077182 -0.038643 0.004091 -0.000074
25 -9.233492 -0.346373 -0.047587 0.005715 -0.000112
26 -10.254457 | -0.338634 -0.022752 0.003676 -0.000072
27 -9.947918 0.114984 -0.023225 0.003034 -0.000062
28 -11.206450 0.067944 -0.047106 0.004135 -0.000074
29 -10.745625 | -0.289024 0.008657 0.002482 -0.000069
30 -12.488745 | -0.157703 0.016326 0.001583 -0.000044
31 -13.216715 | -0.106449 0.009058 0.001519 -0.000040
32 -11.484952 | -0.085650 -0.005712 0.002705 -0.000063
33 -7.483892 -0.660146 0.011071 0.003799 -0.000110
34 -12.478951 -0.025790 -0.010906 0.002116 -0.000046
35 -11.160349 | -0.042233 -0.033886 0.003673 -0.000068
36 -9.843031 0.010062 -0.065941 0.006231 -0.000122
37 -12.719091 -0.211753 -0.009864 0.002800 -0.000059
38 -10.162049 | -0.274430 0.016817 0.001591 -0.000043
39 -6.958023 -0.344713 0.004123 0.002097 -0.000049
40 -12.108030 | -0.289274 -0.023166 0.001821 -0.000022
Mean -11.257903 | -0.127450 -0.003373 0.002318 -0.000055
SD 2.453699 0.201858 0.031718 0.001888 0.000034
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Table 12: The Correlation coefficients between CMM measured values and calculated

value of premolar lines, molar lines and sagittal lines from the 12-15-year group

Sample Correlation coefficient
Premolar molar Sagittal
1 0.992 0.993 1.000
2 0.994 0.995 0.998
3 0.991 0.974 0.999
4 0.991 0.991 0.998
5 0.985 0.993 0.995
6 0.995 0.997 0.999
7 0.993 0.996 0.999
8 0.992 0.986 0.999
9 0.986 0.995 0.999
10 0.979 0.999 0.998
11 0.982 0.997 0.999
12 0.988 0.997 0.999
13 0.996 0.998 0.999
14 0.977 0.984 0.999
15 0.998 0.978 0.998
16 0.978 0.993 1.000
17 0.994 0.986 0.997
18 0.984 0.986 0.999
19 0.970 0.993 0.998
20 0.989 0.994 0.999
21 0.990 0.998 1.000
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Table 12: The Correlation coefficients between CMM measured values and calculated

value of premolar lines, molar lines and sagittal lines from the 12-15-year group

(Cont.)
Sample Correlation coefficient
Premolar molar Sagittal
22 0.995 0.991 0.996
23 0.991 0.994 0.998
24 0.970 0.984 1.000
25 0.987 0.988 1.000
26 0.991 0.999 1.000
27 0.989 0.984 0.998
28 0.986 0.989 0.999
29 0.992 0.987 0.999
30 0.994 0.980 0.999
31 0.987 0.996 0.998
32 0.988 0.983 0.999
33 0.978 0.988 0.999
34 0.998 0.997 0.998
35 0.995 0.992 0.996
36 0.992 0.997 1.000
37 0.975 0.981 0.998
38 0.983 0.986 0.998
39 0.993 0.986 0.999
40 0.997 0.997 1.000
Mean 0.988 0.991 0.999
SD 0.007 0.006 0.001
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Table 13: The Correlation coefficients between CMM measured values and calculated

value of premolar lines, molar lines and sagittal lines from the 19-22-year group

Sample Correlation coefficient
Premolar molar Sagittal
1 0.983 0.997 0.999
2 0.984 0.961 1.000
3 0.997 0.994 0.999
4 0.996 0.985 0.999
5 0.952 0.973 0.999
6 0.979 0.982 0.998
7 0.948 0.990 0.997
8 0.984 0.991 0.991
9 0.978 0.992 0.998
10 0.994 0.974 0.999
11 0.982 0.993 0.999
12 0.996 0.991 0.996
13 0.987 0.983 0.999
14 0.954 0.984 0.997
15 0.994 0.978 0.998
16 0.993 0.998 0.999
17 0.991 0.988 0.999
18 0.986 0.992 0.998
19 0.992 0.981 0.999
20 0.972 0.994 0.998
21 0.987 0.987 0.998
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Table 13: The Correlation coefficients between CMM measured values and calculated

value of premolar lines, molar lines and sagittal lines from the 19-22-year group

(Cont.)
Sample Correlation coefficient
Premolar molar Sagittal
22 0.996 0.992 0.999
23 0.979 0.975 0.998
24 0.983 0.978 0.996
25 0.987 0.985 0.998
26 0.992 0.987 0.999
27 0.991 0.998 1.000
28 0.996 0.994 0.998
29 0.983 0.982 0.996
30 0.993 0.987 0.998
31 0.961 0.995 0.996
32 0.985 0.993 0.999
33 0.987 0.980 0.999
34 0.998 0.978 0.998
35 0.982 0.989 0.999
36 0.994 0.987 0.999
37 0.992 0.986 0.998
38 0.992 0.986 0.999
39 0.991 0.973 0.998
40 0.997 0.993 0.993
Mean 0.985 0.986 0.998
SD 0.012 0.008 0.002
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A sample of the fourth degree polynomial function was calculated from the
collecting data points from CMM of premolar, molar and sagittal lines as shown in
Figures 44-46 respectively. Palatal width was measured by the wider coordinate
distance .Then palatal height was measured from the peak of the palatal form to the

palatal width’s line. As seen from the curve fit analysis, all instances of each line are

judged to fit the data well (Tables 12-13).
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Figure 44: The superimposition of the collected data (blue dot) and the calculated data

(yellow dot) of the premolar line from the fourth degree polynomial function
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Figure 45: The superimposition of the collected data (blue dot) and the calculated data

(yellow dot) of the molar line from the fourth degree polynomial function
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Figure 46: The superimposition of the collected data (blue dot) and the calculated data

(yellow dot) of the sagittal line from the fourth degree polynomial function
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The curves were generated by putting the values of the mean a, -to d-parameter
(Tables 5-8) received from the samples into the fourth degree polynomial function as
follows: y =a, + ax + bx? + cx® + dx*
The fitted equations for each line are as shown below:
Adolescent group
The premolar line

Y =4.632481-1.019865x - 0.023331x” + 0.003404x’ — 0.000308x"
The molar line

¥ =1.112032—2.204110x + 0.168893x* —0.006217x> +0.000054x"
The sagittal line

Y =-9.814258-0.077625x - 0.006759x” + 0.002155x’ -0.000050x"

Adult group
The premolar line

Y =8.836431-2.527704x +0.137252 x* + 0.137252 x> +0.000053 x*
The molar line

¥ = 1.856020-3.177609x + 0.282277x> —0.011056x> +0.000162x*
The sagittal line

¥ = -11.257903-0.127450x -0.003373x" + 0.002318x” -0.000055x"

Table 14 report the mean values of this study from the 19-22-year group Class I,
Division 1 malocclusion group when compared with Yungsu, 2008[32] (Normal
occlusion). On average the differences of palatal width, height and length were

minimal and the statistical analysis yielded no significant difference (Tables 15-16).

Table 14: Palatal size in Class II, Division 1 malocclusion and normal occlusion

Plane Measure Male Female

Normal ClLildiv1 Normal ClLlldiv1l

Mean| SD | Mean| SD | Mean | SD | Mean | SD

Frontal

Premolar Width 27.19 | 2.14 | 26.40 | 2.29 | 27.09 | 1.86 | 26.19 | 2.38

Height 746 | 1.51 | 7.52 | 2.06 | 7.82 | 1.53 | 844 | 1.93

Molar Width 35.73 | 243 | 3495 | 2.64 | 34.82 | 1.88 | 34.21 | 2.42

Height 12.07 | 1.67 | 12.19 | 2.20 | 11.78 | 1.78 | 11.90 | 2.08

Sagittal Length 3149 | 2.18 | 32.33 | 2.29 | 32.26 | 2.49 | 32.28 | 2.64
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Table 15: Statistical difference of each measurement between Class II, Division 1

malocclusion and normal occlusion from male

Plane Measurements Mean diff t p-value
(mm)

Frontal

Premolar Width 0.79 1.12 0.269
Height -0.05 -0.09 0.926

Molar Width 0.78 0.97 0.339
Height -0.11 -0.18 0.856

Sagittal Length -0.84 -1.18 0.244

Table 16: Statistical difference of each measurement between Class II, Division 1

malocclusion and normal occlusion from female

Plane Measurements Mean diff t p-value
(mm)

Frontal

Premolar Width 0.90 1.33 0.191
Height -0.62 -1.12 0.271

Molar Width 0.61 0.88 0.382
Height -0.12 -0.20 0.842

Sagittal Length -0.02 -0.02 0.984

Tables 17-18 report the palatal indices of this study (Class II, Division 1
malocclusion) were larger than the palatal indices of Yungsu, 2008[32] (normal
occlusion) indicated that the palatal widths of this study (Class II, Division 1
malocclusion) were smaller and deeper than normal occlusion. While mean values of
this study when compared with the other ethnic studies were differing slightly. The
palatal indices were smaller than the other studies, indicated that the palatal widths of
this study were wider but shallow than the other ethnic studies. And the palatal lengths
of this study (Class II, Division 1 malocclusion) were longer than normal occlusion

and other ethnic[76].
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Table 17: The mean and standard deviation of width and height and palatal index of

the palatal studies

Width Height Index
Author Sex Mean SD Mean SD | (Ht./wd)x100
Premolar
This study
(Thailand) M+F | 2630 | 2.31 7.98 2.02 30.41
Yungsu,2008 [32]
(Thailand) M+F | 27.14 1.99 7.82] 1.48 29.00
Ferrario et al,2002 M 27.13 1.92 9.16 2.15 33.76
[76](Italy) F 27.18 1.65 10.01 | 2.79 36.83
Molar
This study
(Thailand) M+F | 34.58 | 2.53 205 5 /2.12 35.07
Yungsu,2008 [32]
(Thailand) BEEDY v ¢ x ) 2.19 ] 1220 | 1.95 34.65
Brawley&Sedwick, 1993
[77](NewY ork) F+M 36.4 3.61 15.9 3.46 43.68
Westling,1996[50]
(Sweden) F+M 28.1 23 13.5 2.2 48.04
Redman et al,1966[48] M 34.6 3.03 14.9 2.93 43.4
(Minnesota) i 32.6 2.8 12.7 2.45 39.0
Ferrario et al,2002[76] IF 3429 | 2.42 16.47 | 3.01 48.03
(Italy) M 37.40 | 3.01 1744 | 1.11 46.63
Table 18: The mean and standard deviation of length of the palatal studies
Length
Author Sex Mean SD

This study
(Thailand) M+F 32.279 2.641
Yungsu,2008 [32]
(Thailand) M-+F 31.88 2.35
Ferrario et al 2002[76] F 29.83 0.84
(Italy) M 28.52 2.08

Error of measurement

The method error was calculated by repeating the registration of CMM-recorded

randomly with 8 sets of study models by keeping the period of timing differs

approximately one week. Double determinations reveal errors in the measurements,

including mean and standard deviations. Table 19 was the summaries of these

measurements. No statistically significant difference (at p-value > 0.05) was found
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between the two series of recording and the errors of measurement were smaller and

acceptable.

Table 19: The measurement errors calculated using p-value and Dahlberg’s equation

(D.E)
First Second Mean
measure measure diff p-

Plane Measure (n=8) SD (n=8) SD | (mm) | value | D.E
Frontal

Premolar Width 28.04 |[1.65| 28.12 |1.57| 0.08 | 0.208 | 0.12

Height 7.95 2.01 8.09 1.99 | 0.14 | 0.051 | 0.07

Molar Width 36.86 |3.06| 36.62 |2.89| 0.23 | 0.390 | 0.06

Height I v ivaEr 13.62 | 229 | 0.10 | 0.462 | 0.20

Sagittal Length < % 1.43 31.22 1.31 | 0.05 | 0.461 | 0.04
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CHAPTER V
DISCUSSION

The quantitative analysis of palatal form

Quantitative investigations of palatal size and shape are uncommon. The main
shortcoming seems to be technical:

Direct techniques[48, 78] in which several standardized landmarks are used as
endpoints for caliper measurements, are time-consuming and prone to error. The
palatometer, which has been used by several investigators[10, 48, 57] has the
advantage of being usable on both live subjects and casts. But there were problems
with its calibration and reproducibility of measurements. The profile gauge or
template[61] has been used for measuring palatal height because it was inexpensive
and quick to used, one of the disadvantages is the each pin is approximately 1 mm. in
diameter and makes width measurements less accurate than height measurements.

Indirect analyses, with the use of 2-dimensional projections (photographs, or
photocopies)[52, 74] the landmarks are individualized on the prints, and they can be
digitized with an electromagnetic tablet. The digitization of two-dimensional
landmarks overcomes some of the limits of the direct approach, but it loses the third
dimension. Indeed, in some applications, this approach can be considered satisfactory,
the value of the third dimension being minimal relative to the other two. Unfortunately,
all three coordinates are necessary for a quantitative analysis of the palate[75].

Nevertheless, conventional direct measurements (linear and angular
measurements, as well as several ratios that are commonly used for palatal
classification) cannot provide a complete description of normal palatal size and shape,
and cannot answer all the needs of the recently developed computerized methods of
treatment planning. New methods for the determination of palatal measurements need
to be developed. Technology provides three-dimensional digitizers that can be directly
used on dental casts to supply the metric coordinates of landmarks. The coordinates

can then be used in any kind of mathematical modeling. Electromagnetic digitizers[62,
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75] have all been used to collect 3-dimensional data on the human palate in both
normal individuals and patients with severe alterations in craniofacial structures.

In this study, the measurement was done by using the CMM (Coordinate
Measuring Machine) to record the landmarks on dental model and report these
landmarks in the corresponding X-, Y- and Z- coordinates.

CMM is used extensively in the precision machine tool industry. As previously
described, Braun et al[68] have used CMM to record the X-,Y- coordinates of dental
landmarks for the study of human dental arch forms and the comparison of inter
maxillary tooth size discrepancies among different malocclusion groups.
Aukvongseree, 2004[31, 79] studied of the reliability of CMM in measuring dental
models had concluded that the Coordinate Measuring Machine can be applied to
measuring dental casts in three dimensions with highly accurate. Then from Yungsu,
2008[32] the CMM can apply to measuring the palatal form in three dimensions with
highly accurate, reliable and reproducible results.

The study of dental arch form by using CMM[79, 80] the datum (X, Y, and Z
plane) was set at the distal cusp tip of the right second molar on each maxillary dental
model. The coordinates (X and Y) at these points were defined as zero. The Z-axis
was then perpendicular to this plane (Figure 47). In the present investigation, CMM
was used to measure several landmarks on the palates from the gingival margin of the
teeth. So all planes of the palates were set at the gingival margin between central
incisor and the intersections of the palatal sulci of 16/26 with the gingival margin, as
horizontal (y-axis, anterior- posterior, x-axis, right-left, and z-axis, caudocranial) (37).
This plane is actually tilted forward, but the mathematical calculations set it to

horizontal (Figure 34).
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Figure 47: Three points contacted used in constructed of the Z-axis. A planar
projection of the Z plane was constructed from the three points (in red) which

contacted the wire on the buccal surface of the model.

At the interdental papillae between second premolar and first molar has often
been used as a reference point for palatal measurements[10, 48, 56, 57, 61, 81]. It has
been stated that greatest palatal height is found anterior to the first molars[81].
However, Redman et al[48] in wanting to avoid palatine tori, measured palatal height
at the junction of the hard and soft palates but this is not the deepest part of the palate.

Several studies made measurements between lingual gingival margins of the first
molar[50, 62, 75, 76, 82, 83], thus obtaining smaller width value than the report which
measured between opposite interdental papillae. In agreement with Redman et al[48]
found the most prominent point on the convex lingual crown surfaces at the gingival
margin to more truly approximate the width of the dental arch. This method is
supposed to be influenced to a lesser degree by tipping of the teeth[84].

In this study made measurements between the lingual gingival margins of the
first molar (molar line) for making comparisons with other studies. With additional
analysis of palatal morphology this study made measurements also in the first
premolar areas (premolar line) for supplying a better approximation of the size and
shape characteristics of the palatal form.

Replicated measurements by the same single examiner were made on eight sets

of study casts with a time lapse of one week each. The paired T-test, which was used
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to assess any systematic error of the machine, was reliable and reproducible. The
method error of the measurements was calculated based on Dahlberg’s equation. The
error range has been shown (0.04-0.20 mm.); there are very small error and acceptable

results.

Mathematical definition of the shape of palatal form

The curve of the palatal surface was fitted to a fourth order polynomial[62, 73-
75] (y = a, + ax + bx” + cx® + dx*). The polynomials fitted data well, with correlation
coefficients higher than 0.9[62].

In this study, the four coefficients of the polynomial equation were computed
using the least-square method (by Department of Mathematics, Faculty of Science,
Chaingmai University), we show the goodness of fit of the fourth-degree polynomial
function to represent each of the 80 palates, as also verified by the high correlation
coefficients 0.985-0.999 (Table 10).

The fitted equations for each line from this study are shown below:

The 12-15-year group
The premolar line
Y =4.632481-1.019865x - 0.023331x" + 0.003404x> — 0.000308x"
The molar line
¥ =1.112032— 2.204110x + 0.168893x> —0.006217x> +0.000054x*
The sagittal line
Y =-9.814258-0.077625x - 0.006759x> + 0.002155x” -0.000050x"
The 19-22-year group
The premolar line
¥ = 8.836431-2.527704x +0.137252 x* + 0.137252 x° +0.000053 x*
The molar line
Y = 1.856020-3.177609x + 0.282277x" ~0.011056x° +0.000162x"
The sagittal line
¥ =-11.257903-0.127450x -0.003373x* + 0.002318x” -0.000055x*
The fitted equations of the fourth degree polynomials for each line from Yungsu,

2008[32] were shown below:
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The premolar line

Y =5.8821 — 1.5682x + 0.0411x” + 0.0004x> — 0.000012x"*
The molar line

¥ = 1.3963 - 2.7439x + 0.2162x" — 0.0078x” + 0.0001 1x*
The sagittal line

Y =-11.8015 — 0.0969x + 0.0046x> + 0.0018x” + 0.00005x"

The fitted equations of the fourth degree polynomials from Ferrario et al ,
1998[62] describing palatal curves in the frontal plane at the molar line and sagittal
line are reported that

The molar line

¥ =1.435x — 0.0037x* + (2.051x10™*)x’ + (0.982x10%)x*
The sagittal line

¥ =0.024x + 0.0374x” -(5.653x107)x” + (2.39x10°)x*

From the following index from Lu 1966[73] for describing palatal curves are

shown that;
A (Index of total symmetry) = (b+d)/ (a+b+c+d) x 100
B (Index of total asymmetry) = (a+c)/ (a+b+c+d) x 100 = 100-A
A; (Index of taperedness) = b/ (b+d) x 100
A4 (Index of squaredness) =  d/(b+d) x 100 = 100- A,

From the definitions of these indices Table 20 reports values of all indices of

each line from this study, Yungsu, 2008[32] and Ferrario et al, 1998[62]. The results

have shown that the palates are asymmetry and taperedness.
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Table 20: The values of all indices of each line from this study, Yungsu, 2008[32] and
Ferrario et al, 1998[62]

Index
total total
Author Lines symmetry | asymmetry | taperedness | squaredness
This study : Premolar 2.26 97.74 98.70 1.3
Adolescents Molar 7.10 92.90 99.96 0.04
Sagittal 8.06 91.94 99.26 0.74
This study : Premolar 4.90 95.10 99.96 0.04
Adults Molar 8.14 91.86 99.94 0.06
Sagittal 2.57 97.43 98.39 1.60
Premolar 2059 97.45 99.97 0.03
Yungsu,2008 Molar 7.45 92.55 99.94 0.06
[32] Sagittal 4.50 95.50 98.92 1.08
Molar 0.28 99.72 99.98 0.02
Ferrario,1998[62] | Sagittal 60.26 39.74 99.99 0.01

The variation in human palatal form

The effect of age and sex

Modifications in the dimensions, shape and arrangement of hard and soft tissue
craniofacial structures can be detected even after the attainment of biologic maturity
[85-87]. Indeed, often the modifications induced by actual ‘aging’ cannot be
completely separated from those produced by growth and development[86, 87].

Human permanent dentition (excluding the third molars) completes its eruption
by early adolescence[87]. Individuals between the late teens and the third decade of
life are often classified in a single group, and the morphology of their oral structures
(both dental and skeletal) is considered as the typical ‘adult’ appearance. In contrast,
even once a permanent dentition is established, oral structures still modify. As
expected, the changes occur at a slower rate than that observed during the first two
decades of life[24, 86, 87]. The actual direction and magnitude of these modifications
are still debated. Indeed, recent longitudinal investigations reported opposite results,
Bishara et al[85] and Carter and McNamara[86] found decrements in dental arch
widths in early adulthood. Harris[87] found that arch widths increased. No similar data

were found for hard tissue palatal dimensions.
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In the present study, the effect of age seemed of some interest both in males and
females in molar width and height. Increments in palatal dimensions, and a ‘higher’
palatal shape at the molar area, were found in the 19-22-year group when compared to
the 12-15-year group of the same sex (Table 1). So the modifications in palatal size
and shape are still to be expected, even after the eruption of the second permanent
molars. These modifications should be considered as a possible factor in the relapse of
orthodontic treatment[86].

In contrast with Ferrario et al, 2002[76], they stated that palatal dimensions did
not increase in females, but also some (limited) decrements were observed, especially
for palatal length and height. Carter and McNamara[86] found a significant age related
decrement in female palatal dimension in a longitudinal study. Indeed, those authors
found a similar effect also in males, but the different study design, and the larger time
span (until the fifth decade of life); do not allow a complete comparison between the
two investigations.

In the present study, no significant sexual dimorphism was found for any palatal
measurement (Tables 1). A finding supports the earlier observations[61, 76, 77, 88].
No significant sexual differences in the dimensions of normal adolescent palates were
found also by Ferrario et al, 1998[62] but difference with Zarringhalam’s study
2004[89], he found the height of the palate was significantly lower in females than
males.

The effect of malocclusion

The palatal size of this study from the 19-22-year group, Class II, Division 1
malocclusion group when compared with Normal occlusion from Yungsu, 2008[32],
On average the palatal form in Class II, Division 1 malocclusion are narrower, higher,
and longer than the normal occlusion, but the differences of palatal width, height and
length were minimal and the statistical analysis yielded no significant difference
(Tables 14-16). Similary, Frohlich,1961[20]found no difference in molar widths
between normal and Class II subjects. Sayin and Turkkahraman, 2004[90] stated that
interalveolar widths showed no difference between Class II, Division 1 and normal
occlusion. These results suggested that transverse discrepancy in Class II, Division 1
patients originated by palatally tipped from upper posterior teeth and not from the

maxillary alveolar base.
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Tollaro et al,1996[91] compared arch widths of 60 Class II, Division 1 patients
(26 males and 34 females) with 70 Class I subjects (25 males and 35 females) in the
mixed dentition. Class II, Division 1 subjects were grouped according to the presence
of the posterior transverse interarch discrepancy (PTID). They reported that Class II,
Division 1 patients with PTID had narrower maxillary intermolar widths than Class II,
Division 1 patients without PTID and Class I subjects. Mandibular intermolar widths
did not differ between the three groups. The skeletal features of the Class II group with
PTID as skeletal Class II associated with functional mandibular retrusion (due to a
posteriorly displaced mandible of normal size) and those of the Class II group without
PTID could be defined as skeletal Class II associated with anatomic mandibular
retrusion (due to a micrognathic mandible). They also suggested that Class II patients
with PTID needed a preliminary expansion of the maxillary arch. Class II cases
without PTID do not need an early treatment phase of maxillary expansion. The
immediate aim of therapy is to attempt to increase the total length of the mandible.
Condylar cartilage growth should be optimally stimulated through proper functional
appliances, as codified by the publications[92, 93].

In contrast, Staley et al,1985[21] compared arch widths of 36 normal occlusion
occlusion subjects (19 males and 17 females) with 39 Class II, Division 1 subjects (20
males and 19 females), and they reported that subjects with normal occlusion had
larger maxillary molar widths and intermolar width differences than subjects with
malocclusion. While evaluating alveolar widths, they reported that maxillary alveolar
widths and mandibular alveolar widths of the males were larger in the Class I group.
Again, alveolar width differences were found to be greater in the Class 1 group.
Clinicians have speculated on the reasons for this difference-nasal obstruction, finger
habits, tongue thrusting, low tongue position, and abnormal swallowing and sucking
behaviors. They suggested that palatal movement of maxillary posterior teeth in Class
IT patients was needed to compensate for the increased overjet and to have good
posterior interdigitation.

Sayin and Turkkahraman,2004[90] stated that from the study of Staley et
al,1985[21] had not mentioned about posterior crossbites in the Class II group. In
selecting the subjects, which Sayin and Turkkahraman took into consideration that no

posterior crossbites (even in a single tooth) were present. This may be an important
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factor that can affect the results if Class I patients had no crossbites and some of the
Class II patients had crossbites.

Buschang et al,1994[22] had evaluated the differences in dental arch morphology
among untreated adult females with Class I, Class II, division 1, and Class II, division
2 malocclusions and reported that Class II, division 1 females had the longest and
narrowest arches.

The effect of ethnic

Previous investigations of ethnic and racial variations in oral and dental
dimensions report conflicting results[82].In particular, hard tissue palatal morphology
has been found to be significantly influenced by race[94], while the influence of
ethnicity is still debated. The palatal size could not be differentiated between 2 Middle
Eastern child populations[78]. Racial differences were found among black Americans,
white Americans and Native Americans[94]. Studies on human skulls have shown that
Negroids tended to have a marked alveolar prognathism with a rectangular or wide
palate. Caucasians on the other hand, tended to have orthognathous faces with a rather
triangular or narrow palate. Mongoloids tended to have a round skull and they
displayed some alveolar prognathism, but as marked as in Negroids. The palate was
parabolic or horse-shoe shapes[45]. Studies have shown that ethnic groups differ in
craniofacial structure. This fact however, should imply differences not only in skeletal
profile but also in basal bone structures. Faces with broad outline have broad shaped
upper arches while narrow faces have long, high vaulted and narrow upper
arches[46].Furthermore, in the dental field, studies of the etiological factors of
malocclusion in the different races have shown that growth of the jaws was strongly
influenced by genetic as well as environmental factors, such as nutritional status,
degree of physical activity, health and similar factors[44].

The mean values of this study when compared with the other ethnic studies were
differing slightly (Tables 13-14). The palatal indices were smaller than the other
studies, indicated that Thai palatal forms were wider and shallow than the other ethnic
studies. If a narrow palatal form produces a posterior crossbite, the extensive
expansion would not the suitable treatment and slow maxillary expansion rather than

RME may be considered before or during the treatment.
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Limitations

A consideration pertains to the age differences. The present study was cross-
sectional, and different individuals were analyzed in the 12-15-year group and the 19-
22-year group. The age differences, therefore, could also be a result of a secular trend.
Nevertheless, not only most investigations on craniofacial morphology have been
performed on cross-sectional samples, because longitudinal studies are more time-
consuming and difficult to perform[95], but also the effect of a secular trend seems
negligible when the age differences are less than 10 years and the individuals live in

the same environment.

Suggestions

The further studies are needed to study the different types of Angle’s
classification (Angle’s classification III) and also to study in the case of posterior
transverse interarch discrepancy to provide better understanding of the palatal forms.

The method used in the current study may be usefully applied also for the
quantitative analysis of pre and post-treatment palatal morphology in orthodontic
patients.

Moreover, a new data collection procedure, with additional analysis of palatal
morphology should be investigation also in the canine and second premolar areas, thus
supplying a better approximation of the size and shape characteristics.

A new data collection procedure with CMM, the method does not destroy the
specimen, measuring dental casts in three dimensions with highly accurate, reliable
and reproducible results. It could be the best choice also for the quantitative analysis

of palatal morphology.
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CHAPTER VI
CONCLUSIONS

The samples is comprised of 80 sets of dental models (the 12-15-year group and
the 19-22-year group), which were Angle’s classification II, Division 1 malocclusion.
The results have been concluded that:

1. In the 19-22-year group, on average palatal width and height were slightly
larger in male than female, in contrast with the 12-15-year group which were slightly
larger in female than male, and palatal width and height were larger in the 19-22-year
group than the 12-15-year group but palatal length were longer in the 12-15-year
group than the 19-22-year group.

Nevertheless, the differences were minimal and the statistical analysis yielded no
significant gender and age difference except the molar width and height in the 19-22-
year group were significant larger than the 12-15-year group in both male and female.

In conclusion, modifications in palatal size and shape are still to be expected,
even after the eruption of the second permanent molars. These modifications should be
considered as a possible factor in the relapse of orthodontic treatment.

2. The palatal form in Class II, Division 1 malocclusion are narrower, higher,
and longer than the normal occlusion, but the differences of palatal width, height and
length were minimal and the statistical analysis yielded no significant difference.

3. The palatal indices were smaller than the other studies, indicated that Thai
palatal forms were wider and shallow than the other ethnic studies. If a narrow palatal
form produces a posterior crossbite, the extensive expansion would not the suitable
treatment and slow maxillary expansion rather than RME may be considered before or
during the treatment. While the palatal lengths of this study were longer than other
ethnic.

4. CMM can measure dental casts in three dimensions with no time-consuming.
The paired T-test, which was used to assess any systematic error of the machine, was

reliable and reproducible. The method error of the measurements was calculated based
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on Dahlberg’s equation. The error range has been shown (0.04-0.20 mm.); there are
very small error and acceptable results.

5. The fourth degree polynomial function accurately described Thai palatal
forms in Angle’s classification II, Division 1 malocclusion with the high correlation
coefficients (0.988 in the premolar line, 0.991 in the molar line, and 0.999 in the
sagittal line from the 12-15-year group and the correlation coefficients 0.985 in the
premolar line, 0.986 in the molar line, and 0.998 in the sagittal line from the 19-22-
year group).

The fitted equations for each line are shown below:

The 12-15-year group

1. The premolar line

¥ =4.632481-1.019865x - 0.023331x" + 0.003404x° — 0.000308x"
2. The molar line

¥ = 1.112032-2.204110x + 0.168893x° ~0.006217x’ +0.000054x"
3. The sagittal line

Y =-9.814258-0.077625x - 0.006759x> + 0.002155%> -0.000050x"
The 19-22-year group
1. The premolar line

Y = 8.836431-2.527704x +0.137252 x* + 0.137252 x’ +0.000053 x*
2. The molar line

¥ = 1.856020-3.177609x + 0.282277x> —0.011056x" +0.000162x*
3. The sagittal line

Y =-11.257903-0.127450x -0.003373x” + 0.002318x° -0.000055x"
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